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LISSIE, REYNOSA, AND UPLAND TERRACE DE- 
POSITS OF COASTAL PLAIN OF TEXAS 
BETWEEN BRAZOS RIVER AND RIO 
GRANDE! 


ALBERT W. WEEKS? 
San Antonio, Texas 


ABSTRACT 


Thin deposits of sandy clay, sand, gravel, and caliche lie on the Cretaceous and 
Tertiary formations in extensive areas of the Coastal Plain of Texas. One portion of 
these deposits has been named the Reynosa formation by Trowbridge* and Deussen,‘ 
and another, the Lissie formation by Deussen.5 Previously, the name Reynosa was given 
by Penrose® to the caliche deposits at Reynosa, Tamaulipas, Mexico, and vicinity; 
and the name Uvalde was given by Hill’ to the gravel and associated deposits typically 
displayed on the highest terraces in Uvalde County and vicinity. Later, Trowbridge® 
included the Uvalde formation in the Reynosa formation and dropped the name Uvalde. 

This paper is a brief review of the literature on the Uvalde and other up-dip terrace 
deposits, the Reynosa, and the Lissie formations; a description of the type section of 
each of these formations; an outline of the areas to which these type sections apply; an 
attempt to correlate these deposits; and a brief discussion of their probable origin. 

Also, brief descriptions are given of the Catahoula, Oakville, and Lagarto forma- 
tions, which underlie the Lissie and Reynosa deposits, and of the Beaumont clay, 
which overlies the Lissie. 


1 Read before the San Antonio Section at the Corpus Christi meeting, February 27, 
1932, and before the Association at the Oklahoma City meeting, March 24, 1932. 
Manuscript received, January 20, 1933. 


2 District geologist, Shell Petroleum Corporation. 


3A. C. Trowbridge, “‘A Geologic Reconnaissance in the Gulf Coastal Plain of 
Texas Near the Rio Grande,” U.S. Geol. Survey Prof. Paper 131-D (1923), pp. 98-99. 


. Alexander Deussen, ‘‘Geology of the Coastal Plain of Texas West of Brazos 
River,” U. S. Geol. Survey Prof. Paper 126 (1924), p. 102. 


5 Tbid., p. 108. 


® R.A. F. Penrose, Jr.,“‘A Preliminary Report on the Gulf Tertiary of Texas from 
Red River to the Rio Grande,” Texas Geol. Survey 1st Ann. Rept. (1890), p. 63. 


7R. T. Hill, “Notes on the Geology of the Southwest,” Amer. Geol., Vol. 7 (1891), 
pp. 367-68. 


8 A. C. Trowbridge, op. cit. 
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INTRODUCTION 


The object of the writer is to present a brief review of the literature 
treating the Uvalde formation and other up-dip terrace deposits, and 
the Reynosa and the Lissie formations; to describe the type section 
of each; to outline the areas to which these type sections apply; to at- 
tempt a correlation of these deposits; and to offer a brief discussion 
of their probable origin. 

It is not believed necessary in a paper of this nature to describe all 
of the Cretaceous and Tertiary formations which are mantled by these 
scattered sand, gravel, and caliche deposits. Good descriptions of the 
underlying formations can be obtained in United States Geological 
Survey Professional Paper 126 and from other published reports on 
the region. However, it seems desirable that a brief description be 
given of the Catahoula, Oakville, and Lagarto formations, which 
underlie much of the Lissie and Reynosa deposits, and of the Beau- 
mont clay, which overlies the Lissie. 
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CATAHOULA FORMATION 


The Catahoula was named by Veatch! in 1906 from Catahoula 
Parish, Louisiana. In the northeastern half of the area, it consists of 
gray, green, blue, and brown clay and sandy clay, hard massive sand- 
stone, and volcanic ash. In the southwestern part, the formation con- 
tains considerably more volcanic material, and was described by 
Bailey? under the name of Gueydan. The United States Geological 


1A. C. Veatch, “Geology and Underground Water Resources of Northern Louisi- 
ana and Southern Arkansas,” U. S. Geol. Survey Prof. Paper 46 (1906), pp. 42-43. 


2 T. L. Bailey, “The Gueydan, a New Middle Tertiary Formation from the South- 
western Coastal Plain of Texas,” Texas Univ. Bull. 2645 (1926). 
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Survey recently has adopted the name ‘“‘Catahoula tuff’”" for Bailey’s 
Gueydan. 

Under discussion of the Oakville sandstone, Deussen? states: 

About 100 feet of brown shale is exposed in the banks of a small creek on 
the Derrick farm, about 3} miles west of Burton. A jaw bone of an extinct 
rhinoceros was taken from the shale. The following report was made by Mr. 
J. W. Gidley, of the United States National Museum, on this specimen: 

The bone from Washington County, Texas (See Pl. XXVIII), is a part 
of an upper jaw containing four anterior teeth on the left side. It represents 
an extinct species of rhinoceros. The teeth are so much worn, however, that 
the specimen can not be assigned to any particular species, but it is apparently 
new. It resembles in some respects some of the European late Miocene 
Aceratheras, and it may be provisionally assigned to the genus Coenopus. The 
development of the premolars, as indicated by the great prominence of their 
posterior internal cusps, is further advanced than in any known Oligocene 
form, so that the species may probably be referable to a middle or upper 
Miocene horizon, perhaps even to one in the Pliocene. 


In company with Frank G. Derrick, who found the jaw bone in the 
creek bank about 1919 or 1920, the writer visited the place where the 
bone was obtained. It was taken from clays of definite Catahoula age 
exposed on the west bank of Water Branch Creek, a northward- 
flowing tributary of Cedar Creek. The spot is located about 800 
feet northeast of the southwest corner of the Frank G. Derrick 11 acre 
tract, O. Hudson Survey, Washington County, and directly northwest 
of the bridge across Water Branch. This point is about in the middle 
of the Catahoula formation as it is exposed in this area. When shown 
the pictures of the jaw bone and teeth in Plate 18 of Professional Paper 
126, Derrick stated, ““They look mighty natural except that the bone 
which I found in the bank was forked.” Derrick gave the jaw bone 
to Graves of Somerville, Burleson County, Texas. Evidently, the 
jaw bone later became broken. 

In the Catahoula tuff beds near Rio Grande City, Starr County, 
Bailey’ states that J. L. Wortman, of Brownsville, Texas, found some 
teeth and bones of Protohippus sejunctus Cope of Upper Miocene or 
Lower Pliocene age. Bailey included these beds in his Oakville forma- 
tion (Fig. 2). 

In subsurface work in the coastal area, a section assigned to the 
Discorbis, Heterostegina, and Marginulina zones is placed in the Oligo- 

1 F. H. Lahee, “Frio Clay, South Texas,”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 16, 
No. 1 (January, 1932), pp. 101-02. 


_ ? Alexander Deussen, “Geology of the Coastal Plain of Texas West of Brazos 
River,” U. S. Geol. Survey Prof. Paper 126 (1924), p. 98. 


3 T. L. Bailey, “The Gueydan, a New Middle Tertiary Formation from the South- 
western Coastal Plain of Texas,” Texas Univ. Bull. 2645 (1926), p. 58. 
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cene by many of the paleontologists of the Gulf Coast. Above these 
zones is a section assigned to the Catahoula,—the lower part contains 
brackish-water fossils and the upper part is principally non-marine. 
Up the dip, the fossils in the marine zones disappear. Some geologists 
believe the marine zones pinch out up the dip, and that the section 
assigned to the Catahoula in the subsurface coastal section represents 
the Catahoula section at the surface. Other geologists believe the 
marine zones pass into a non-marine phase up the dip and that the 
surface section embraces the equivalent of both the marine and non- 
marine beds. 

From the vertebrate determinations, the age of the Catahoula for- 
mation at the surface is given as Miocene in this paper. 


Fic. 2.—Photograph showing contact between Pleistocene gravel and Catahoula 
formation at La Loma de la Cruz, 3 miles east of Rio Grande City, Starr County, 
Texas. Photograph by S. Brooks. 


OAKVILLE AND LAGARTO FORMATIONS 


The Oakville, Lapara, and Lagarto were named by Dumble'’ in 
1894. He discussed these sections again in 1903.2 The Oakville was 
named from the town of Oakville in Live Oak County, Texas. It con- 
sists of gray and yellow to buff fine- to coarse-grained sandstones 
which generally are calcareous and cross-bedded, and gray, green, 
and yellow to buff calcareous clays. In some areas, the clays are red- 
dish. In places, the Oakville contains beds or lenses of gravel consist- 


1 E. T. Dumble, “The Cenozoic Deposits of Texas,”’ Jour. Geol., Vol. 2 (1894). 


2 Idem, “Geology of Southwestern Texas,” Trans. A. I. M. E., Vol. 33 (1903), 
pp. 956-76. 
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ing mostly of chert, but which also contain some pebbles and frag- 
ments of igneous rock, quartzite, fossil wood, and limestone. It con- 
tains an abundance of reworked Cretaceous fossil shell fragments. 
On the basis of contained vertebrate fossils it is considered to be of 
Miocene age.':?* 

For some sections of clay, sandy clay, sandstone, and conglomer- 
ate exposed on Lapara Creek and vicinity, Live Oak County, Dumble 
gave the name Lapara. This he placed in the Pliocene on the basis 
of contained fossils. 

For sections exposed on Lagarto Creek, Live Oak County, and 
composed of gray calcareous sandstones and conglomerates, and 
brownish green, sea-green, and pink to red manganese-stained clays 
containing a great many fairly large calcareous nodules, he gave the 
name Lagarto. 

In 1914, in much of the area under discussion, Deussen‘ showed the 
Lagarto to rest unconformably on the Oakville. However, at the 
mouth of Lapara Creek, Live Oak County, he indicated a small 
amount of Lapara between the Oakville and the Lagarto. 

To-day, from detailed work in the sections under discussion, at 
least three general divisions are recognized,—a lower which is called 
Oakville, a middle which, following Deussen, is called Lagarto, and an 
upper which is given various names. The lower division is predomi- 
nantly tan, the middle red, and the upper pink, orange, and gray. 
It appears that an unconformity exists between each two of the three 
divisions. 

From Dumble’s sections and descriptions of his Lagarto, it appears 
he intended that the name Lagarto be given to the upper section. 
Some geologists believe that a number of the sections which he as- 
signed to the Lapara and from which he obtained fossils of Pliocene 
age, also belong in the upper section. Under this interpretation, the 
middle or red section needs a new name. However, in order to avoid 
possible confusion and not to introduce any new names before they 
are definitely adopted by the various interested geological societies 
and the United States Geological Survey, the writer, in his work in 
the area where the section can be divided, has used the name Oak- 


1 Tbid., p. 957. 

? Alexander Deussen, ‘Geology of the Coastal Plain of Texas West of Brazos 
River,” U.S. Geol. Survey Prof. Paper 126 (1924), p. 97. 

3 E. T. Dumble, “Geology of East Texas,” Univ. of Texas Bull. 1869 (1918), pp. 
221-43. 


* Alexander Deussen, ‘‘Geology of the Coastal Plain of Texas West of Brazos 
River,” U. S. Geol. Survey Prof. Paper 126 (1924), p. 101. 
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ville for the lower section, Lower Lagarto for the middle section, and 
Upper Lagarto for the upper section. The name, Lagarto, therefore, 
includes the upper two divisions and thus may be considered a group 
name. 

The contact between the Upper Lagarto and the Lower is well ex- 
posed near the normal water level in Manahuilla Creek slightly more 
than 2 miles north of the town of Goliad, Goliad County. The base 
of a massive sandstone which caps the creek bluff at points located 
about } mile from either side of the main highway makes a convenient 
place to divide the upper section into two parts which some geologists 
believe are unconformable. 

The three general divisions of the section, Oakville, Lower La- 
garto, and Upper Lagarto, are indicated on the map in the central 
part of the area. However, as this paper is not primarily concerned 
with this section, these divisions are not shown throughout the map. 
As the coastward dip of the Upper Lagarto is less than that of the 
Lower, it extends in many places a considerable distance over the 
Lower, especially where there is much relief. 

At this time, there seems to be insufficient evidence to determine 
whether the Lower Lagarto is Miocene or Pliocene in age. From beds 
in the Upper Lagarto section, H. T. Richardson of The California 
Company collected, from two localities, vertebrate fossils which were 
determined to be of Pliocene age. About 63} miles northeast of Bee- 
ville, Bee County, and in the formation exposed on Medio Creek about 
2,000 feet east of where the road which passes through the John R. 
Scott land, Juan de Dios Molina Survey, crosses Medio Creek, he 
found the jaw bone and one tooth of a rhinoceros pertaining to the 
genus Teleoceras and tentatively referred to the species fossiger of 
Pliocene age by Gilmore of the United States National Museum. 
About 2 miles S. 65° E. of Normanna, Bee County, in a tributary of 
Medio Creek, and in the Thomas Duty Survey, some vertebrates were 
collected which were sent to C. L. Camp of the Museum of Paleon- 
tology, University of California, at Berkeley, who reported as follows. 

The following forms are represented by somewhat fragmentary remains: 

Hipparion cf. venustum 
Pliohippus cf. inter polatus 
A phelops sp. 

Camel gen. et sp. indet. 

Similar horses are found in the Clarendon and Goodnight horizons of the 
Panhandle Tertiary of Texas, and it is our opinion that the age of the deposit 
from which your material was secured is Lower to Early Middle Pliocene. 


In the formation exposed on Medio Creek, Bee County, about 3 
miles southeast of the aforementioned locality or about 2 miles north 
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of the Beeville-Goliad highway, some teeth were found which were 
sent to Gidley of the United States National Museum, who reported 
as follows. 

The three teeth are upper cheek teeth of the left side of a small species 
of the Hipparion group of three-toed horses. They pertain to a single indi- 
vidual, including premolar 4 and the first and second true molars, but they 
belong to an old individual and are worn too near their bases to be certain of 
a specific determination. It may be said, however, that they are about the 
size of the corresponding teeth of Hipparion ingenium, a Florida species of 
Pliocene age, and may be referred tentatively to that species. 


LISSIE FORMATION 


Name.—The Lissie gravel was named by Deussen! in 1914 from an 
occurrence near Lissie, Wharton County, Texas. In the Lissie he in- 
cluded all the sands and gravels lying above the Oakville and Lagarto 
(Dewitt formation) and below the Beaumont clay. In this paper, the 
Lissie includes the same section assigned to it by Deussen in 1914. 

Areal extent.—The areal extent of the Lissie is shown in Figure 1. 
South of Brazos River, it crops out in Austin, Colorado, Fayette, 
Wharton, Lavaca, Jackson, Dewitt, Victoria, Goliad, Refugio, Bee, 
San Patricio, Jim Wells, Nueces, Kleberg, and Brooks counties. Some 
thin Lissie deposits, not shown on the map, are present in Jim Wells 
and Kleberg counties west of the main Lissie outcrop. In this area, 
it is difficult, without detailed work, to differentiate between Lissie 
material, wind-blown sand, and sandy soil from the Lagarto. Gravels, 
probably of Lissie age, are exposed along the escarpment east and 
southeast of Rio Grande City in Starr and Hidalgo counties. The Lis- 
sie also extends northeast of Brazos River. 

Lithology.—At its type section, the Lissie consists at the surface of 
gray sand, sandy clay, and a small amount of gravel, which after 
weathering, form the characteristic topography of the Lissie prairie. 
Farther up the dip in much of the tree-covered area of the Lissie, 
the formation is noticeably coarser and is composed of irregular beds, 
lenses, and pockets of gravel, sand, and sandy clay. Much of the for- 
mation is reddish, but in places it is gray. In Colorado County, the 
gravel consists of about go per cent chert and flint and the remainder 
quartz (probably of vein origin), fragments of igneous rock (largely 
rhyolite and pegmatite), and a small amount of quartzite and sand- 
stone. 

In general, the gravels range in diameter from } inch to 3 inches. 

1 Alexander Deussen, “Geology and Underground Waters of the Southeastern Part 


of the Texas Coastal Plain,” U.S. Geol. Survey Water Supply Paper 335 (1914), pp. 
78-79. 
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Considering the formation as a whole, the smaller sizes of gravels pre- 
dominate, and in large areas only sand and sandy clay are present. 
However, in other places there are large cobbles and pebbles. In 
places, especially in the northeast part of the region, the sand and 
gravel are highly stained with iron and the particles are coated with 
thin films of iron oxide and reddish clay. At these localities, there 
usually are many iron nodules and concretions scattered on the sur- 
face. The basal Lissie, especially in the northeastern part of the area, 
is indurated in many places to a bed of sandstone about 2 feet thick. 
As the character of the Lissie deposits varies from place to place, it is 
almost impossible to give a description of the formation which will 
apply from one locality to another. However, throughout the entire 
extent of the Lissie, the formation has a certain identity which readily 
distinguishes it. 

Thickness and dip.—In much of the area, the Lissie is thin. Of the 
territory covered, there are probably few places where the thickness 
greatly exceeds 50 feet. In many localities, it is less than half this 
thickness. The southeastward dip of the Lissie in the area up the dip 
from the Beaumont is approximately the same as the coastward slope 
of the area. In general, the Lagarto extends as long necks down the 
major streams with the Lissie in the interstream areas lying as a thin 
mantle on the Lagarto and in places also on the Oakville, and extend- 
ing down the dip beneath the Beaumont clay. 

Correlation.—The Lissie formation is placed in the early Pleisto- 
cene on the basis of vertebrate fossils. These are Equus complicatus, 
Equus francisci, Trucifelis fatalis, Elephas imperator, Bison latifrons, 
and Glyptodon.' Equus francisci, represented by a well preserved skull, 
was taken from a depth of 25 feet in a well at Lissie, Wharton County, 
and therefore was obtained from within the Lissie formation. Two 
feet above the base of the gravel bed at La Cruz Hill, 3 miles east of 
Rio Grande City, Starr County, J. L. Wortman in 1923 “discovered 
the upper and lower jaws and teeth of Equus cf. fraternus.”” This es- 
tablished the age of this gravel as Pleistocene. Younger gravels are 
present on lower terraces along the Rio Grande. 

Detailed exposures.—Good exposures of Lissie can usually be found 
throughout the entire area of its outcrop. Only a few are mentioned 
here. 


In Austin County, along the highway about 13 miles south of 


_ | Alexander Deussen, “Geology of the Coastal Plain of Texas West of Brazos 
River,” U.S. Geol. Survey Prof. Paper 126 (1924), p. 108. 


? T. L. Bailey, “The Gueydan, a New Middle Tertiary Formation from the South- 
western Coastal Plain of Texas,” Texas Univ. Bull. 2645 (1926), p. 59. 
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Kenney, sand and sandy clay are exposed in a pit. On the Bellville- 
Hempstead highway about 2 miles east of Bellville, lower Lissie is 
exposed. Lissie is well exposed at various places along the Cat Spring- 
Sealy road. About 4 miles north of Sealy, 1o—-15 feet of Lissie sand, 
sandy clay, and gravel are well exposed on the west side of the main 
Sealy-Bellville highway. 

In Colorado County, sand and sandy clay are well exposed in a 
“shot” hole directly north of the Bernardo-Cat Spring highway, 
Charles Amsler Survey. Lissie sand and sandy clay are exposed under- 
neath the highway bridge at the railroad about 1~ miles northeast 
of Rock Island. 

In Wharton County, about 1 foot of upper Lissie sand, sandy clay, 
and some small gravel are well exposed along the new road directly 
south of the town of Lissie. 

In Dewitt County at the T. C. W. Deding farm, Wm. Morrison 
Survey, 40 feet of red clay, sand, and chert gravel are well exposed 
along the Cuero-Stratton road about 3 miles east of Cuero. Fifteen 
feet of fairly coarse sand and gravel are exposed along the highway 
south of Chicolete Creek, R. Burns Survey, in the eastern part of the 
county. The treeless Lissie prairie lies directly south. About 15 feet 
of gravel are exposed along the road approximately } mile north- 
west of the southeast corner of the H. Runge and Company Survey 
No. 6 which lies in eastern Dewitt County about 2 miles northwest 
of the Dewitt-Victoria County line. 

In San Patricio County along the new highway south of the town 
of Mathis, 25 feet of Lissie sand are overlain by Beaumont clay. 

In Kleberg County, Lissie sand is exposed in the trenches dug for 
silos near the dairy barns on the King Ranch. 

Gravels, probably of Lissie age, are present on the escarpment east 
and southeast of Rio Grande City, Starr County. These gravels ex- 
tend southeast into Hidalgo County and appear to pass underneath 
the Beaumont clay. The town of Reynosa, Tamaulipas, Mexico, stood 
above the general level of deposition at the time these gravels were 
deposited. Other gravels of younger age, probably derived in part 
from the erosion of the older gravels, are present on lower terraces 
along the Rio Grande. 

Origin.—Deussen' states, 


The Lissie gravel is believed to represent the coalescing alluvial fans 
which were spread out at the mouths of the streams which discharged into 


? Alexander Deussen, “Geology and Underground Waters of the Southeastern Part 
of the Texas Coastal Plain,” U. S. Geol. Survey Water Supply Paper 335 (1914), pp- 
78-83. 
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the sea during some parts of Pleistocene time, possibly early and middle 
parts. 


The materials composing the Lissie indicate that they were prob- 
ably derived from the erosion of the formations of the Edwards Pla- 
teau, the Central Mineral Region, the Central and West Texas areas, 
and also from the erosion of the up-dip formations of the Coastal 
Plain. In the Rio Grande area, the ancient Rio Grande and its tribu- 
taries probably obtained the chert, quartz, limestone, and igneous 
rock materials found in the Lissie from both the United States and 
Mexico. A considerable amount of the gravel probably was derived 
from the erosion of the Oakville and Lagarto. 

Although we do not know whether the major streams of the 
Coastal Plain occupied their present courses in Pleistocene time, we 
can see that the present drainage basins of the Brazos and Colorado 
rivers extend far into the West Texas area. In Pleistocene time, they 
may have extended farther west than now, as there appears to be good 
evidence, according to Robert Campbell, as presented in a lecture 
before the San Antonio Geological Society, that Pecos River is gradu- 
ally working northward and has beheaded the eastward flowing Colo- 
rado and Brazos rivers. Insufficient work has been done to determine 
the northernmost and westernmost extent of the drainage basins 
of the Pleistocene streams which carried the materials now found 
in the Lissie as well as in some of the Upland Terrace deposits. 

Much of the southwestern part of the Coastal Plain area, except 
the Rio Grande region, is drained by Nueces River and its tributaries. 
These streams head in the Edwards Plateau; therefore, all of the 
material transported was derived from the erosion of the formations 
in the plateau and those of the Coastal Plain. 

Gravels of Lissie or younger age were noted at the junction of 
Agua Poquita and Concepcion creeks and thence west and northwest 
toward Realitos, Duval County. These as well as surface gravels in 
the western part of the Reynosa Plateau region, as defined by Dum- 
ble,’ in parts of Duval, Webb, Zapata, Jim Hogg, and Starr counties, 
were derived largely from the erosion of the formations of the plateau, 
which contain considerable gravel. In Lissie and later time, the cen- 
tral part of this region, especially along the Mirando City and Bruni 
escarpments where altitudes of 900 feet or more are reached, appar- 

1E. T. Dumble, “The Cenozoic Deposits of Texas,” Jour. Geol., Vol. 2, (1894), 
p. 560. The southern part of the Reynosa Plateau of Dumble, except the area of wind- 
blown sand, has been named the Hebbronville Plain by Trowbridge in “Tertiary and 
Quaternary Geology of the Lower Rio Grande Region, Texas,” U. S. Geol. Survey Bull. 


837, which has just been published. The Hebbronville Plain is the southward continua- 
tion of the Reynosa and Alice plains of Deussen (Prof. Paper 126). 
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ently stood well above the general level of deposition and did not 
receive any materials from the west or northwest. The Pleistocene 
gravels north of Laredo on the divide between the Nueces and the Rio 
Grande rivers are about 100 feet lower in elevation than the gravels 
on the escarpment near Mirando City, Webb County, located about 
30 miles east. It is not believed that all of this difference in elevation 
is due to uplift of “‘as much as 200 feet” centering in the vicinity of 
Torrecillas and Ojuelos, or in the general vicinity of Mirando City, 
as was described by Deussen' under the heading, ‘‘Torrecillas Up- 
lift.” 

Terrace deposits of Pleistocene age are present along drainage at 
various places in the Reynosa Plateau region, but these have not been 
mapped. For example, a terrace deposit of sandy and limy material 
which overlies sandy and limy clays of the Lagarto, is present near 
the bridge across San Diego Creek on the old San Diego-Alice road 
directly south of San Diego, Duval County. 


BEAUMONT CLAY 


After the deposition of the Lissie, there was rejuvenation of the 
drainage and the major streams cut their channels through the Lissie 
and into the underlying Oakville and Lagarto. Then followed the dep- 


osition of the Beaumont. It indicates some subsidence; and was de- 
posited first in the stream valleys and around the down-dip edge of the 
Lissie; and finally, in places it overlapped the Lissie and extended 
up the dip onto the Lagarto as is shown in the area in the vicinity of 
Nueces River. 

The Beaumont is composed of gray, yellow, brown, and pink clays 
which in many places contain gypsum and calcareous nodules. Sands 
of similar color also are present. In general, the Beaumont clay weath- 
ers to black waxy soil. 

It was named by Hayes and Kennedy’ in 1903 from Beaumont, 
Texas, near which it is typically exposed. 


REYNOSA CALICHE 


Name.—Penrose’ first used the name Reynosa limestone for a hard 
white limestone situated on a hill rising 50 feet above the level of the 


1 Alexander Deussen, “‘Geology of the Coastal Plain of Texas West of Brazos 
River,” U.S. Geol. Survey Prof. Paper 126 (1924), pp. 124-26. 


2C. W. Hayes and William Kennedy, “Oil Fields of the Texas-Louisiana Gulf 
Coastal Plain,” U. S. Geol. Survey Bull. 212 (1903), pp. 27-28. 


3 R.A. F. Penrose, Jr., “A Preliminary Report on the Gulf Tertiary of Texas from 
Red River to the Rio Grande,” Texas Geol. Survey rst Ann. Rept. (1890), p. 63. 
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Rio Grande at the Mexican town of Reynosa in the State of Tamau- 
lipas. His description is as follows. 


Reynosa Limestone: The Mexican town of Reynosa, in the State of 
Tamaulipas, on the Rio Grande, is situated on a hill rising some fifty feet 
above the level of the river and composed of a hard white limestone. This is 
made up of very hard calcareous nodules, one-half inch to over three inches 
in diameter, white to creamy-brown in color, and in places showing a con- 
cretionary structure imbedded in soft white material of the same composition. 
This deposit lies on the sands of the Fayette series, which are exposed at the 
water’s edge. Though usually hard, yet in places on the surface it is soft and 
crumbly and in this softer material were found many specimens of Bulumulus 
alternatus, Say, a shell found now in great quantities on the Rio Grande. 
These prove the late origin of at least the material in which they were im- 
bedded, and it apparently blends into the harder rock. But unfortunately 
time did not permit a thorough investigation of the region, and consequently, 
though it is probably true that the whole of the limestone is of the same late 
origin, its relations and extent have not been studied. It undoubtedly overlies 
the Fayette beds, as this is proved by the small outcrop of the latter at the 
water edge at Reynosa. Similar limestones are said to be found in various 
parts of Hidalgo County, and that in digging wells they are passed through 
for about thirty feet, when they find water in an underlying sand or sand- 
stone (Fayette Beds?). 


This description is very good. However, at Reynosa, the limestone 


beds rest on the Lagarto instead of the Fayette. There are no gravels 
(except those brought by man) of chert, quartz, or igneous rock at the 
type locality of the Reynosa. 

In 1894, Dumble! gave the name Reynosa to the deposits forming 
the plateau between Nueces River and the Rio Grande. To this region 
he gave the name Reynosa Plateau. In 1903, Dumble? again described 
deposits under the name Reynosa throughout this area. Regarding the 
Reynosa, the following quotation from Dumble’ is given. 

This designation was first given by Dr. Penrose to a bed of limestone 
found at the Mexican town of that name, opposite Edinburgh, Texas (which 
was first described as Cretaceous, by Mr. Schott, in the Report of United 
States and Mexican Boundary Survey), and afterward extended by myself 


to include certain conglomerates in lime-matrix occurring in the Rio Grande 
and elsewhere. 


Later, Trowbridge‘ applied the name Reynosa formation to 


1E. T. Dumble, “The Cenozoic Deposits of Texas,” Jour. Geol., Vol. 2 (1894), 
p. 560. 


2 Idem, “Geology of Southwestern Texas,”’ Trans. A. I. M. E., Vol. 33 (1903), pp. 
976-83. 

3 Ibid., p. 976. 

‘A. C. Trowbridge, ‘A Geologic Reconnaissance in the Gulf Coastal Plain of 
Texas Near the Rio Grande,” U. S. Geol. Survey Prof. Paper 131-D (1923), p. 99. 
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an intricate mixture of gravel cemented by lime carbonate, uncemented 
gravel, limestone in which are embedded pebbles and cobbles, almost gravel- 
less limestone, sand, sandstone, gravelly sand, and a relatively small amount 
of clay, 


found in the Rio Grande region. Trowbridge seems to have included 
the caliche, the Uvalde and Lissie gravels, and the formations, except 
the wind-blown sand, on the portion of the Reynosa Plateau which he 
mapped, in his Reynosa. 

The following quotation is from Trowbridge." 


In 1890 Penrose described a deposit of limestone containing many pebbles and 
cobbles under the name ‘‘Reynosa limestone,” from the town of Reynosa, 
Tamaulipas, Mexico. This limestone overlies what was then called the Fayette 
sand at Reynosa, directly across the Rio Grande from Hidalgo, Texas. Pen- 
rose found Recent shells embedded in the surface of exposures of this forma- 
tion, and thinking it was Recent, included it in his “post-Tertiary formations.” 
In 1891 Hill described remnants of a formation that consisted of coarse and 
fine gravel cemented by a calcareous matrix and that occupied terraces 400 
to 1,000 feet above the Rio Grande to the north of this region. This he called 
the Uvalde formation. Dumble applied the name Reynosa division to the 
series of deposits forming the plateau between Nueces and Rio Grande, 
which he called the Reynosa Plateau. He stated that the ‘Reynosa lime- 
stone” of Penrose formed the top member of the Reynosa division, which 
rested on the Lagarto formation. These downstream deposits to which Dumble 
applied the name Reynosa are now known to be the same as the upstream 
remnants to which Hill applied the name Uvalde, and the necessity for dis- 
carding one of the names has become apparent. In view of the fact that the 
Reynosa as applied to a part of this formation has priority over Uvalde, and 
that the downstream deposits perhaps afforded a better type locality, the 
name Reynosa has been adopted by the United States Geological Survey and 
“Uvalde” formation has been abandoned. 


Deussen? applied the name Reynosa to a series of deposits extend- 
ing from Brazos River nearly to the Rio Grande. He states, 


the lithologic constituents of the formation are a conglomerate of flint or 
siliceous manganese-stained limestone pebbles, cemented with lime, very 
hard in some places and in others soft and tuffaceous, lenses of pink, man- 
ganese-stained limy clay; coarse limy sand and sandstone; and soft tuffaceous 
limestone. 


From Deussen’s sections and from his description of the Reynosa, it is 
difficult to determine just what stratigraphic unit he intended to 
include in the formation. However, it is certain that a portion of 
the caliche was included. 

Caliche is a Spanish word applied locally to various kinds of de- 


1 [bid., pp. 98-100. 


2 Alexander Deussen, “Geology of the Coastal Plain of Texas West of Brazos 
River,” U. S. Geol. Survey Prof. Paper 126 (1924), p. 102. 
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posits. W. P. Blake first used the word caliche to describe a calcareous 
deposit similar to that found in the Reynosa of the type area as fol- 
lows.! 

In southern Arizona and Mexico, the word caliche is in general used to 
denote a calcareous formation of considerable thickness and volume found a 


few inches or a few feet beneath the surface soil upon the broad dry gravelly 
plains and mesas. 


The word now used by geologists and soil surveyors has much the 
same significance. In Chile, South America, the name is applied to 
impure native nitrate of soda. 

In this paper, the name Reynosa is applied to the caliche deposits 
of the Reynosa Plateau region and thus is limited to a variety of de- 
posit similar to that of the type section. 

Areal extent.—From the general vicinity of Coleto Creek in south- 
ern Dewitt County southwest through portions of Dewitt, Goliad, 
Karnes, Bee, San Patricio, Nueces, Kleberg, Live Oak, Jim Wells, 
McMullen, Duval, Webb, Jim Hogg, Brooks, Zapata, Starr, and 
Hidalgo counties there is a deposit of caliche capping the underlying 
formations, 

From the Rio Grande northeast to the Nueces River drainage, the 
caliche deposit is fairly continuous, as no major streams cross the area. 
From Nueces River northeast to Coleto Creek, the deposit is cut into 
isolated patches by numerous stream courses. Isolated patches of 
caliche are found northeast of Coleto Creek, but they gradually dis- 
appear so that in the northeast part of the area, most of the calcareous 
material found is in the Oakville and Lagarto. 

The general up-dip edge of the caliche mantle, without considering 
reéntrants due to drainage, extends from southern Dewitt County 
southwest through the southeastern corner of McMullen County to 
the Carolina-Texas and Mirando City fields in Webb County; then 
south to a point a short distance east of the town of Rio Grande City 
in Starr County. A line drawn along the up-dip edge of the caliche 
tends, in a general way, to strike parallel with the general strike of 
the surface formations. In the Laredo area in the vicinity of the 
Mirando City oil fields, the caliche deposit extends farther up the dip 
than it does in the area northeast. However, in the Mirando City area 
it is considerably higher topographically, as it is on the drainage 
divide between Nueces River and the Rio Grande. 

The soil survey report of Willacy County? states that there is no 


_ |W. P. Blake, “The Caliche of Southern Arizona, an Example of Deposition by 
Vadose Circulation,” Trans. A. I. M. E., Vol. 31 (1901), pp. 220-26. 


_ 2H. W. Hawker and C. S. Simmons, “Soil Survey of Willacy County, Texas,” 
U.S. Dept. of Agriculture, Bur. Chem. and Soils Bull. 3 (1926). 
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caliche layer under the Willacy fine sandy loam, which is the soil on 
the Beaumont formation mapped by Trowbridge, or under the Nueces 
fine sand which covers the wind-blown sand area and which overlies 
the Beaumont and younger formations. The soil survey report of 
Victoria County! does not note caliche or a zone of lime accumulation 
under the Hockley fine sandy loam which is the principal soil of the 
Lissie area. 

The soil survey report of Hidalgo County’ states that the Brennan 
fine sandy loam, loamy fine sand, and gravelly loam, and the Duval 
fine sandy loam contain a zone of lime accumulation. These appear 
to be the soils of the Lagarto area. The Hidalgo and Willacy fine 
sandy loams of the Beaumont area do not contain a zone of calcium 
carbonate accumulation. The Nueces fine sand of the wind-blown 
sand area has a zone of calcium carbonate accumulation below a depth 
of about 6 feet. Here it overlies the Lagarto, but in Willacy County, 
where there is no zone of calcium carbonate accumulation underneath 
the sand, it overlies the Beaumont. In the eastern part of the Lagarto 
area, caliche usually can not be seen at the surface. However, it can 
generally be found where pits are dug through the upper soil. 

A few miles southeast of Kingsville, Kleberg County, a hard bed of 
caliche is present on what appears to be a calcareous phase of the 
Lissie. In general, however, as the Lissie is largely non-calcareous, 
little caliche is developed in it. No hard beds of caliche have been 
noted in the Beaumont. 

Outside of the area of caliche just described, caliche is present in 
isolated patches in the area on the north, as in the general vicinity of 
San Antonio and in the counties west and southwest of San Antonio. 
In general, it is present in the area west of the 32-inch rainfall line. 

In Kenedy, Brooks, Jim Hogg, and northern Hidalgo counties 
there is a blanket of dune sand which is gradually working westward. 
On the Reynosa Plateau in southeastern Webb, southwestern Duval, 
and northern Jim Hogg counties, there is considerable sand,—some 
is of dune origin and some is residual. There is little erosion on the 
Reynosa Plateau, except by wind and infrequent torrential rains, as 
no major streams cross it. 

Lithology.—In the type section of the Reynosa at Reynosa, Ta- 
maulipas, Mexico, the rock is a hard, more or less nodular limestone, 


1 W. T. Carter, C. S. Simmons, H. W. Hawker, and T. C. Reitch, “Soil Survey of 
Victoria County, Texas,” U. S. Dept. of Agriculture, Bur. Chem. and Soils Bull. 21 
(1927). 

2H. W. Hawker, M. W. Beck, and R. E. Devereaux, “Soil Survey of Hidalgo 
County, Texas,” U.S. Dept. of Agriculture Bur. Chem. and Soils (1925). 
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white to creamy brown in color. In places, nodules of limestone, rang- 
ing from } inch to more than 3 inches in diameter, are imbedded in 
sandy clay and soft white calcium carbonate. Throughout the area of 
the caliche deposit all grades from soft to hard are found. 

Grains of sand and clay and pockets of sand and clay are com- 
monly found in the caliche. The upper part of the formation in which 
the caliche is deposited may be so filled and capped with calcareous 
material that it appears more or less as a limestone bed. In many 
places, hard calcareous nodules are found surrounded by clay or sandy 
clay. These may range in size from less than § inch to several inches 
in diameter. In places, these pellets and cobbles are loosely cemented 
together with calcium carbonate, and in other places, they are firmly 
cemented into a hard limestone. When broken, the outline of the pel- 
lets and cobbles can be seen. The outer section of a hard limestone 
mass commonly shows many layers of carbonate with dendrites of 
manganese. These dendrites also are present in varying amounts 
throughout the rock. 

Chemical analyses! of two samples of caliche from Miami, Texas, 
are as follows. 

SiOz CaO; 
Pure caliche 7 9.72 79.16 8.02 
Sandy cap rock 74.84 22.03 0.015 

Thickness and dip.—The caliche varies in thickness. Where it is 
well exposed in pits, it generally has a thickness of 1-3 or more feet. 
However, long stalactite fingers and stringers in many places extend 
downward below this depth. In Hidalgo County, in the area of the 
Lagarto formation and under the Brennan and Duval soils,’ 6-12 or 
more feet of caliche are found under 3 or more feet of leached or non- 
calcareous soil and overlying relatively unweathered Lagarto into 
which stalactites of caliche extend in many places to a depth of 10 
feet below the main caliche mass. The fact that the caliche is exposed 
on slopes as well as high on the hills often leads to an exaggerated idea 
of its thickness. In general, the caliche mantle conforms roughly to 
the contour of the land and displays the same degree of inclination 
as the coastward slope of the country. 

Correlation.—In regard to the age of the Reynosa limestone of the 
type locality, Penrose* states that in this Reynosa limestone material 

' Analyses made by Robert M. Isham, consulting chemist, Okmulgee, Oklahoma, 
December 14, 1921, for Sidney Powers, who kindly permitted their use. 


? H. W. Hawker, “A Study of the Soils of Hidalgo County, Texas, and the Stages 
of Their Soil Lime Accumulation.” Soil Science, Vol. 13, No. 6 (June, 1927), pp. 480-81. 


*R.A. F. Penrose, Jr.,‘‘A Preliminary Report on the Gulf Tertiary of Texas from 
Red River to the Rio Grande,” Texas Geol. Survey 1st Ann. Rept. (1890), p. 63. 
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were found many specimens of Bulumulus alternatus Say, a shell found now 
in great quantities on the Rio Grande. These prove the late origin of at least 
the material in which they were imbedded, and it apparently blends into the 
harder rock. 


Trowbridge' states, 


No fossils have been found in the Reynosa formation except the remains of 
Recent land snails, crayfish, jackrabbits, and a few other animals, which 
have become imbedded in the surface as the limestone has been dissolved and 
reprecipitated, and except the fossils originally deposited in the formations 
from which the gravel was derived. 


Deussen? states, “‘No fossils have been found in the [Reynosa] 
formation.” 

Some gastropods in caliche from the Texas-Mexican Railroad 
cut at Noleda, Duval County, Texas, were submitted to W. C. Mans- 
field, who reported as follows. 


The two specimens, imbedded in a limy matrix, represent the species 
Bulimulus (Orthotonium) alternatus mariae Albars, which ranges through the 
Pleistocene and Recent. So far as I can see the shells give no clue as to whether 
they are Pleistocene or Recent, but apparently they are not as old as Pliocene. 


Caliche is present on the Oakville and Lagarto and older forma- 
tions, and on the Lissie where it is calcareous. It has not been noted 
in any large amounts on the Beaumont. Insufficient data are available 
to determine whether caliche of pre-Lissie age is present under the 
Lissie; however, the writer knows of no definite case where it has been 
found. If it is not present under the Lissie or was not destroyed during 
Lissie deposition, then all the caliche is of Lissie or post-Lissie age. 
As the Beaumont is in places calcareous and as no great amounts of 
caliche have been found on it, it is possible that the age of the major 
amount of the caliche is Lissie or post-Lissie but not younger than 
Beaumont. In places, caliche is forming to-day. However, it is believed 
that at one particular time, a greater amount of the caliche was 
formed than has formed since Beaumont time. There are two reasons 
for this belief. 

1. The present northwest-facing scarp of the caliche mantle trends 
in a general way with the strike of the underlying formations. It sug- 
gests that at some past time a great amount of caliche was formed and 
that since its formation, erosion has removed the up-dip portion of it 


1A. C. Trowbridge, ‘‘A Geologic Reconnaissance in the Gulf Coastal Plain of 
Texas Near the Rio Grande,” U.S. Geol. Survey Prof. Paper 131-D (1923), p. 100. 


_ * Alexander Deussen, “‘Geology of the Coastal Plain of Texas West of Brazos 
River,” U.S. Geol. Survey Prof. Paper 126 (1924), p. 103. 
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and streams have cut much of the remainder of the mantle into iso- 
lated patches. 

2. In the caliche area of the Upland Terrace deposits, the Uvalde 
and Leona terrace materials are usually well cemented by calcium 
carbonate, while the younger terrace materials are largely unce- 
mented. In the Uvalde and Lissie, limestone pebbles are rare except 
near the Edwards Plateau, while in the Leona, limestone pebbles and 
calcareous material are common. This indicates a great amount of 
solution of lime with very little precipitation of calcium carbonate 
during Uvalde and Lissie time. This suggests abundant rainfall and 
no caliche. However, the calcareous material in the Leona indicates 
somewhat different climatic conditions which may have permitted 
caliche to form in the region during Leona time. 

It is believed that the Uvalde is correlative with the Lissie and 
that the Leona is younger than it, but older than the Beaumont (see 
Upland Terrace Deposits). From the data thus far collected, no objec- 
tion can be seen to assigning a Beaumont age to much of the caliche, 
although it may have begun to form during Leona time. 

Detailed exposures.—Good exposures of caliche can usually be 
found throughout the entire area of its occurrence except where it is 
covered with soil materials or dune sand. The soil mantle over the 
caliche is generally well preserved from erosion along the down-dip 
area of the Lagarto outcrop. Only a few definite exposures of caliche 
are given here. 

Caliche is present along the road across the hill at the west corner 
of the Jose Santos Survey, southwest Dewitt County; in Bee County 
along the highway north of the town of Beeville; in Live Oak County, 
on the hill at the south corner of the O. P. Williams Survey No. 30 
in the southern part of the county; in San Patricio County, in the 
upper part of the “caliche” pits at Mathis; and in Jim Wells County, 
at the top of the pit about 1? miles southeast of Orange Grove and 
along the main highway about 3 miles southeast of Alfred. It can be 
seen at many places:along the highway between San Diego, Duval 
County, and Mirando City, Webb County, and in the upper part of 
the pit at Realitos, Duval County. 

Caliche is present in the upper part of the pit west of the dairy 
barns on the King Ranch, Kleberg County, at the surface and in the 
upper parts of the pits a few miles southeast of Kingsville, and in 
Brooks County in the upper part of the pit at Encino. 

Caliche is present on the hill in the town of Reynosa, Tamaulipas, 
Mexico, in the upper part of the pit south of the town, and for several 
miles southwest along the Reynosa-Monterrey highway. 
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Origin.—The formation of the caliche is a process which involves 
largely the solution, transportation, and precipitation of calcium car- 
bonate. Small amounts of other salts may be present in the caliche of 
this region, but they are not discussed here. 

One liter of pure water at 16°C. will dissolve 0.0131 gram of cal- 
cium carbonate, while the same amount of water unde. approximately 
the same conditions of temperature (15°) will dissolve 0.3850 gram 
of calcium bicarbonate.' This latter quantity may be considerably 
increased by an excess of carbon dioxide in the water. Since calcium 
carbonate is practically insoluble in water, the form in which it is 
chiefly taken into solution is as the calcium bicarbonate, Ca(HCO3) o. 


Fic. 3.—Map showing approximate location of line separating the two great soil 
regions of United States east of Rocky Mountains. 


By heating, calcium bicarbonate can be decomposed into calcium 
carbonate, water, and carbon dioxide. 


Ca(HCO;) oCaCO;-: 


The action is reversible. Thus it can be seen that the presence of an 
abundance of carbonic acid (water plus carbon dioxide) aids greatly 
in the solution of calcium carbonate. 

Marbut? divided the United States east of the Rocky Mountains 
into two great soil regions by a narrow transitional belt which extends 
from Canada south through western Minnesota, northeastern Iowa, 
eastern Nebraska, central Kansas and Oklahoma, and passes through 
Texas in the zone of 25-35 inches of rainfall (Fig. 3). The soils of the 

1F. W. Clark, Data of Geochemistry: 5th ed., U. S. Geol. Survey Bull. 770 (1924), 
PP. 130-33. 


2 C. F. Marbut, “A Scheme for Soil Classification,” Proceedings and Papers of the 
1st Int. Congress of Soil Science, Vol. 4 (1927), pp. 17-19. 
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eastern or humid region contain no greater amounts of calcium car- 
bonate than occur in the parent material beneath them. To these 
soils, Marbut gave the name Pedalfers. The soils of the western or 
subhumid group, which have a fully developed soil profile, contain a 
zone of calcium carbonate accumulation where more calcium car- 
bonate is present than in the parent material below. To these soils, 
Marbut gave the name Pedocals. 


MEAN ANNUAL PRECIPITATION CHART 
OF THE 


STATE OF TEXAS 


DATA OBTAINED FROM WEATHER BUREAL MECOROS 


Fic. 4.—Mean annual precipitation chart: Texas section. 


As a rule, carbonates of lime and magnesia, when exposed near 
the surface in moist areas, go rapidly into solution and are carried 
away. Ferric iron and alumina, on the other hand, are insoluble, al- 
though under reducing conditions iron may be taken into solution in 
the ferrous form. The reddish color of the soil throughout much of the 
caliche area is due to the presence of red iron oxide coating the soil 
particles. 

The mean annual precipitation chart for the state of Texas (Fig. 
4) shows that the annual rainfall in the state increases from west to 
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east. El Paso is in the zone of less than roinches, while the eastern side 
of the state is in the 50-inch zone. The approximate northeastern 
edge of the caliche lies in the zone of 30-35 inches of rainfall. The rain- 
fall map of the region under consideration may not have been the 
same throughout Pleistocene time as it is to-day. It is possible that in 
past geologic time caliche formed in the region east of the present 
caliche deposit and that it has since been destroyed. 

The following factors may cause the precipitation of calcium car- 
bonate from waters carrying calcium bicarbonate in solution. 


1. Evaporation 
2. Loss of carbon dioxide. Aside from evaporation, this may be caused by 
(a) Decrease in pressure 
(b) Agitation of water rich in carbon dioxide 
(c) Increase in temperature 
(d) Variation in carbon dioxide content of atmosphere 
(e) Green plant action 
3. Precipitation by ammonia 
4. Animal and plant action 


Evaporation is probably the greatest factor causing the deposition of 
calcium carbonate in the area of the caliche under discussion. The 
power of the soil to hold water, the humidity of the air, the tempera- 
ture, and the amount of rainfall which penetrates the soil are factors 
governing the amount of evaporation from a soil. 

Two main theories to explain the origin of the caliche are here 
given. 

1. Deposition of the calcium carbonate in the caliche by downward 
moving waters. Calcium present in the beds exposed at or near the 
surface is taken into solution by rain water, which obtains carbon 
dioxide from the atmosphere, and is carried to the general level to 
which rain water penetrates the soil and is there precipitated. In this 
case, the upper layers of the soil during the normal process of soil 
development are leached of calcium carbonate. The depth of deposi- 
tion may vary from a few inches to several feet. This occurs in arid, 
semi-arid, and subhumid regions or in general where the rainfall is 
not in sufficient amount to carry away the calcium carbonate in solu- 
tion, and where there is good subsurface drainage. Where the water 
table is low, there is probably a fairly dry zone between it and the 
general depth to which rain water penetrates. In Table I, which gives 
the chemical composition of the Pullman silty clay loam of the Ama- 
rillo region of the High Plains of Texas, there is a marked concentra- 
tion of CaO at a depth of 70-75 inches. Where the zone of calcium 
carbonate accumulation is near the surface, or where erosion has 
removed the upper soil, the caliche is generally exposed. Also on 
slopes where water seeps out toward the surface and is evaporated, 
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caliche is found. Calcium carbonate may also be precipitated from 
waters moving laterally some distance from higher to lower levels. 

2. Deposition by evaporation of ground water carrying calcium 
carbonate in solution which is drawn upward toward the surface by 
capillarity. This occurs in regions of high evaporation and low rainfall 
of a seasonal nature and where the ground water table is sufficiently 
close to the surface so that water can move upward into the subsoil 


TABLE I 
CHEMICAL COMPOSITION OF PULLMAN (FORMERLY INCLUDED IN AMARILLO SERIES) 
Srtty CLay Loam OF AMARILLO REGION OF HIGH PLAINS OF TEXAS 
Technical Bulletin 228 of the United States Department of Agriculture gives the 
following chemical composition of the Pullman (formerly included in Amarillo series) 
silty clay loam of the Amarillo region of the High Plains of Texas. 


A B, Bzand B; B, Bs 


Horizon 
Inches 5 10-20 30-40 54-64 70-75 96-100 
PerCent PerCent PerCent PerCent PerCent PerCent 


75; 70. 68.72 74. 
Al,O3 10. 53. 13.25 
Fe203 4. 4-31 3.8: 
MnO ‘ .08 
CaO .64 


K,0 .48 2. 
Na,O .03 

P.O; .10 
SO; .06 
Ignition Loss -50 
N -06 


2 

MgO -35 1.37 
2 
I 


pH 7.8 


by capillarity. Water moves downward in the soil both by gravity 
and capillarity, while under ordinary conditions it moves upward only 
by capillarity. The character of the soil particles and the structure of 
the soil governs the height and the rate at which water moves through 
soil. According to the law of Jurin:' “The elevation or depression of a 
liquid in a capillary tube is inversely proportional to the diameter 
of the tube.” According to Meinzer,’ 

The thickness of the capillary fringe (water which has moved above the water 
table by capillarity) in silty materials has frequently been observed to be 
about 8 feet; in very fine-grained materials it is even thicker; and in coarse 
sand it is considerably thinner. 


1 F. H. Getman, Outlines of Theoretical Chemistry, John Wiley and Sons, Inc., New 
York, 1918, p. 144. 
_ 20. E. Meinzer, “Outline of Ground Water Hydrology,” U.S. Geol. Survey Water 
Supply Paper 494 (1923), p. 26. 


40.42 56.71 

6.69 -4 

2.04 2.86 

.04 .06 

25.80 14.11 

10 1.06 1.22 

14 1.20 1.71 

87 .46 -73 

95 -42 -57 

07 .08 .09 

21 .13 

j 82 21.82 13.00 
02 .O1 

eee 7-9 7-9 8.3 
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It appears that the seasonal nature of the rainfall is important be- 
cause it may cause the water table to rise and fall appreciably; during 
the wet season a water table may be temporarily established above im- 
pervious strata. Calcium carbonate carried upward and precipitated 
during a dry season probably would only partially be taken into solu- 
tion during the next rain period. 

Just what proportion of the calcium carbonate in the caliche was 
deposited by downward moving waters which largely enter the ground 
as rain, and what proportion by waters moving upward by capillarity 
can not be stated, as the position of the ground-water table in Pleisto- 
cene time throughout the area of caliche is not known; although one 
might logically assume the water table in the vicinity of the Lissie, 
Uvalde, and Leona deposits to have been near the surface during the 
time of their deposition. However, in the interstream areas it probably 
was considerably lower. 

In Table I, where the sample taken from 96 to roo inches from the 
parent material contains 14.11 per cent of CaO, it is very easy to 
explain that the large amount of CaO in the sample from 70 to 75 
inches was caused by the leaching of the 64 or more inches of material 
overlying it. However, where a certain thickness of fairly non-cal- 
careous soil overlies an equal or greater thickness of fairly rich cal- 
cium-carbonate formation, it is necessary to assume, under the theory 
of downward moving water, without considering any moving upward, 
that a considerable amount of the leached soil has been removed by 
erosion, or much of the calcium carbonate was precipitated from later- 
ally moving waters rich in calcium bicarbonate. The smooth, rounded, 
compact, and in places banded, outer section of many caliche masses 
exposed at or near the surface, is believed to be caused by the solution 
during and redeposition after each rain of the upper part of the cal- 
cium carbonate deposit. Provided there are downward channels of 
migration through the caliche, calcium carbonate taken into solution 
by rain water from the upper part of the caliche as the soil mantle is 
removed, may be carried to lower levels and deposited. 

In general, the caliche deposits of southwest Texas were formed 
on a land surface without marked relief. Since the caliche was formed, 
it has become considerably dissected by erosion in certain areas. 
It seems reasonable, therefore, that in general, areas of rapid 
erosion would not be favorable for caliche formation, while regions 
with a fairly level or rolling topography where the caliche would 
be preserved from erosion after it once formed, would be more 
favorably situated. 


| | 
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UPLAND TERRACE DEPOSITS 


Name.—In 1890, Penrose! applied the name Upland gravel to the 
gravel deposits capping the highest hills of the Coastal Plain region 
and overlying the eroded surface of the Tertiary sands and clays. It is 
not known exactly to which gravels this name was given, and it is 
possible it included the present Lissie as well as the up-dip gravels. 

The name Uvalde formation was applied by Hill’ in 1891 to the 
remnants of a formation exposed on terraces north of the Rio Grande 
region. 

In 1898, Hill and Vaughan* gave the following description of the 
Uvalde. 


In the Rio Grande plain lying off the foot of the Balcones escarpment, 
from San Gabriel to Devils River, and extending coastward many miles, there 
is a remarkable geologic formation or series of formations to which the name 
Uvalde has been given. It consists of a vast deposit of gravel composed almost 
entirely of rolled flint pebbles, with occasional pieces of limestone, partially 
embedded in a matrix of chalky mar] and clays. Most of these materials have 
been derived from the decay of the Edwards limestone of the plateau, and 
spread like a mantle over the lower plain. . . . It caps the higher divides in 
the Rio Grande Plain, and constitutes the highest terrace level in the canyon 
valley of the plateau. 


At this time, they also gave the following description of the Leona.‘ 


The name Leona formation is proposed for the deposit making the first 
wide terrace of the Nueces and Leona Rivers, below the level of the Uvalde 
formation, and for the flood-plain deposit extending westward from the 
Uvalde on the Leona to the Nueces River. The Leona formation is a Pleisto- 
cene flood plain deposit bearing certain definite relations to the older Uvalde 
formation and the streams that have laid down its component materials. The 
Leona may ultimately be correlated with the Onion Creek formation. 


The Onion Creek formation’ of Travis County is described as 
consisting of 


...@ faint yellow or salmon-yellow calcareous marl, sometimes accom- 
panied by fine pebble conglomerates, all of which is derived from the Cre- 
taceous limestone material. It is usually less than 50 feet in thickness. 


1R. A. F. Penrose, Jr., “A Preliminary Report on the Gulf Tertiary of Texas 
from Red River to the Rio Grande,” Texas Geol. Survey rst Ann. Rept. (1890), pp. 
59-60. 

2 R. T. Hill, “Notes on the Geology of the Southwest,” Amer. Geol., Vol. 7 (1891), 
pp. 367-68. 

3R. T. Hill and T. W. Vaughan, “Geology of the Edwards Plateau and Rio 
Grande Plain Adjacent to Austin and San Antonio, Texas, with Special Reference to 
the Underground Waters,” U.S. Geol. Survey 18th Ann. Rept., Pt. 2 (1898), p. 244. 

* Idem, pp. 253-54. 

5 R. T. Hill and T. W. Vaughan, op. cit., pp. 252-53. 
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Like the Leona formation . . . and some of the later terraces of the major 
stream ways, the Onion Creek formation is usually deposited in furrows which 
have been eroded in the older Uvalde formation. 


Hill and Vaughan! in 1898, and later Hill* in 1901, grouped the 
terraces found in the vicinity of Austin, Travis County, into the fol- 
lowing divisions. 

Asylum terraces located 215, 205, and 195 feet above the Colorado River 
at Austin. 

Capitol terraces located 130 and 105 feet above the Colorado River at 


Austin. 
Depot terraces located 80 and 60 feet above the Colorado River at Austin. 


According to Hill, the deposits on the Asylum group of terraces may 
be correlated with the Leona and Onion Creek deposits. 

To the deposits on the terraces in the Rio Grande region and on 
the up-dip terraces which were formed adjacent to and down the dip 
from the Balcones fault zone, the name Upland Terrace deposits is 
given in this paper. This is the same name given by Penrose’ in 1890 
to the gravels capping the highest hills of the Coastal Plain. 

Areal extent.—The gravel and associated deposits are found at 
various levels from the top of many of the higher divides down to the 
level of the present streams. In general, the Uvalde and Leona or 
Asylum terrace deposits are not obviously associated with the present 
streams, while the relations of the lower terrace deposits to the recent 
streams is fairly evident. These deposits are found capping the up-dip 
formations in various places from Brazos River to the Rio Grande. 

Lithology.—Though these upland deposits, which have been de- 
posited like a mantle over the underlying formations, are usually 
called gravels, they also contain sand, sandy clay, and marly clay. 
In the western part of the area, the materials on the Uvalde and 
Leona terraces are ordinarily cemented by caliche. 

In various places on the Leona terrace, the occurrence of small 
calcareous concretions showing concentric layers have been noted. 
These range from the size of sand grains to more than 3 inches in 
diameter. Some are composed entirely of calcium carbonate, whereas 
others, generally the larger ones, have a flint pebble as a nucleus. 
These concretions are well exposed in the pit on the Mission Loop 


1 Tbid., pp. 244-50. 
2 R. T. Hill, “Geography and Geology of the Black and Grand Prairies of Texas 


with Detailed Descriptions of the Cretaceous Formations and Special Reference to 
Artesian Waters,” U.S. Geol. Survey 21st Ann. Rept., Pt. 7 (1901), pp. 345-61. 


3R. A. F. Penrose, Jr., “A Preliminary Report on the Gulf Tertiary of Texas 
from Red River to the Rio Grande,” Texas Geol. Survey 1st Ann. Rept. (1890), pp. 
59-60. 
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road directly south of San Jose Mission, south of San Antonio, Bexar 
County. About 2} feet of caliche are present at the top of the 
deposit. Otherwise the concretions are not cemented together. In 
places, the deposit is cross-bedded. It may be called a pisolitic gravel. 
Liddle? also mentions the calcareous concretions in the Leona of 
Medina County, and Sellards* mentions them in Bexar County. They 
are also present in the Leona along the highway south of Luling in 
Caldwell County. 

In the area west of San Antonio, where the gravels are derived 
chiefly from the erosion of the limestone of the Edwards Plateau 
(except for igneous rock pebbles derived from plugs), most of the 
gravels on the higher terraces consist of chert with a few pieces of 
limestone, and northeast of San Antonio, where they are derived from 
the erosion of both the Cretaceous limestone of the plateau and of the 
rocks of the Central Mineral Region, as well as the rocks of the Central 
Texas area, some dark limestone, quartz, and igneous rock pebbles 
are also present with the chert. Many pebbles and boulders of lime- 
stone are found in the Recent stream deposits close to the Edwards 
Plateau. 

In the Rio Grande region, the gravel includes principally chert, 
quartz, limestone, and igneous rock. Some silicified wood is also pres- 
ent. 

In general, the Uvalde terrace deposits contain a predominance of 
chert gravel. Limestone pebbles are rare except near the Edwards 
Plateau. In the Leona terrace materials, limestone pebbles and cal- 
careous material are common. 

Thickness and dip.—The thickness of the deposits on the terraces 
varies greatly. In Bexar County, the deposits on the Uvalde and 
Leona terraces probably range from 15 to 30 feet in thickness. De- 
posits of similar thickness are found in Medina County,’ and core 
drill work in the Larremore area of Caldwell County showed about 
30 feet of gravel in the Leona terrace. 

Sellards® states that the coastward dip on the Uvalde terrace in 

1'W. H. Twenhofel, Treatise on Sedimentation, 2d ed., Williams and Wilkins Com- 
pany, Baltimore, 1932, p. 757. 

2 R. A. Liddle, ‘The Geology and Mineral Resources of Medina County,” Texas 
Univ. Bull. 1860 (1918), p. 98. 

3 E. H. Sellards, ‘The Geology and Mineral Resources of Bexar County,” Texas 
Univ. Bull. 1932 (1919), pp. 69-76. 

4 E. H. Sellards, ‘The Geology and Mineral Resources of Bexar County,” Texas 
Univ. Bull. 1932 (1919), pp. 65-75. 

5 R. A. Liddle, “The Geology and Mineral Resources of Medina County,” Texas 
Univ. Bull. 1860 (1918), p. 95. 


6 E. H. Sellards, op. cit., pp. 67-71. 
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Bexar County is about 20 feet per mile and on the Leona terrace about 
15 feet per mile. This rate of dip is probably too great. The writer 
notes that the dip on the Leona terrace from near Kyle in Hays 
County southeast through Lockhart in Caldwell County is about 
9-10 feet per mile. 

Correlation.—Trowbridge' and Deussen® correlated the Uvalde 
with the Reynosa. As the Uvalde and the Leona are cemented by 
caliche in the western part of the area, each formation is necessarily 
older than the caliche cementing it. 

Deussen placed the terraces below the Uvalde in the Pleistocene 
and Recent. The Leona terrace deposits, he correlated with the Lissie, 
while Trowbridge’ correlated them with the Beaumont. 

From their character and from their elevation, the writer believes 
the Uvalde terrace deposits are correlative with the Lissie. Following 
the deposition of the Lissie, there was rejuvenation of the drainage and 
the streams cut their channels into the Lissie and Uvalde deposits. 
It was during this time that the Leona gravels were deposited. Their 
coastward equivalents are probably covered by the Beaumont. Under 
this interpretation, the terraces cut at the time of the deposition of the 
Beaumont now exposed in the Coastal area would lie at a lower eleva- 
tion in the up-dip area than the Leona terraces. 

Detailed exposures.—In general, the Uvalde terrace in the up-dip 
area has been considerably dissected so that it is not so well defined 
as is the Leona. Uvalde gravels are present on the high ridge crossed 
by the San Antonio-Uvalde highway in the vicinity of Dunlay, Medina 
County, and on the high ridges south of Uvalde, Uvalde County. On 
the high hills south of Leona River, Frio County, and on the hills 
between Moore and Pearsall along the San Antonio-Laredo highway, 
Uvalde gravels are exposed. Many definite exposures of Uvalde gravel 
are given by Deussen.‘ The Leona forms a well defined terrace from 
near Kyle in Hays County southeast through Lockhart in Caldwell 
County, and also in the vicinity of San Antonio in Bexar County, 
Hondo in Medina County, and Sabinal and Uvalde in Uvalde County. 

Farther coastward, gravels probably Leona in age are being 
worked by the Saxet Gravel Company at Victoria, Victoria County. 

Origin.—The material of the Upland Terrace deposits was derived 


1A. C. Trowbridge, ‘‘A Geologic Reconnaissance in the Gulf Coastal Plain of 
Texas near the Rio Grande,” U. S. Geol. Survey Prof. Paper 131-D (1923), pp. 98-99. 


2 Alexander Deussen, “Geology of the Coastal Plain of Texas West of Brazos 
River,” U.S. Geol. Survey Prof. Paper 126 (1924), p. 105. 


3 A. C. Trowbridge, op. cit., p. 101. 
* Alexander Deussen, op. cit., pp. 106-08. 
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from the erosion of the older formations. It represents a débris apron 
spread over the upper reaches of the Coastal Plain. It is entirely prob- 
able that there is a definite relationship between the widespread 
glaciation in the region on the north and the factors which caused the 
deposition of some of the Upland Terrace materials as well as those 
of the Lissie formation. 

In the area west of San Antonio, the materials composing the ter- 
race deposits were derived largely from the erosion of the Cretaceous 
and lower Tertiary formations, as the upper drainage basins of the 
streams which carried these deposits were entirely within the Edwards 
Plateau and the streams did not cut deeper than the Glen Rose forma- 
tion. Some materials also were derived from the erosion of the igneous 
plugs in the Uvalde region. 

In the area northeast of San Antonio, the materials composing the 
formation were derived from the Coastal Plain sediments, the Cre- 
taceous limestone of the Edwards Plateau, and the older rocks of the 
Central Mineral Region, as well as the Paleozoic formations of the 
central Texas area. 

Insufficient data have been collected to furnish material for a 
complete discussion of the origin of the pisolitic gravel found prin- 
cipally in the Leona of Bexar and Medina counties, and also in the 
Leona near Luling in Caldwell County. Apparently, the pisolites 
were formed up the dip from their present location in agitated waters, 
—probably spring waters from along the Balcones faults which carried 
an abundance of calcium bicarbonate. Algae also may have aided in 
their formation.! They were then transported to their present loca- 
tion, as some deposits are cross-bedded, and deposited without the 
precipitation of additional calcium carbonate, as the deposit is not 
cemented. 

In the Rio Grande region, most of the materials composing the 
terrace deposits were derived from the erosion of the Tertiary and 
Cretaceous formations and also from the erosion of the older rocks 
farther west. Regarding the source of some of the gravels on the 
ridges south of Cuevas Creek in the southern part of Maverick 
County, Getzendaner’ states that the gravels contain 
around 25 per cent of rounded igneous pebbles of an entirely different charac- 


ter from the igneous masses around Bracketville and Uvalde, showing acidic 
rather than basic affinities. Their source was in the Trans-Pecos country south 


_ 1} Wilmot H. Bradley, “Algae Reefs and Oélites of the Green River Formation,” 
U. S. Geol. Survey Prof. Paper 154-G, March, 1929. 


_ 2 F. M. Getzendaner, “Mineral Resources of Maverick County, Texas,” Texas 
Univ. Bull. Bur. Econ. Geol. (1931), p. 129. 
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of Alpine, or in the Burro Mountains of northern Coahuila, in both of which 
localities similar rocks occur. 


Many of the gravel deposits of the Laredo area lying directly 
west of the escarpment, as weil as many gravels on the plateau, have 
been derived from the erosion of the formations of this area which 
contain chert gravel, igneous boulders, fossil wood, opal, et cetera. 


SUMMARY 


In this paper, a brief description has been given of the Catahoula 
and of the Oakville and Lagarto formations which underlie the Rey- 
nosa and Lissie, and of the Beaumont clay which overlies the Lissie. 
For the Lissie, Reynosa, and Upland Terrace deposits no new names 
have been introduced, but an attempt has been made to describe and 
show the areal extent of the deposits represented at each type locality. 

In 1914, in the northeastern part of the area under discussion, 
Deussen! gave the name Lissie to the deposits lying above the Oak- 
ville and Lagarto (Dewitt) and below the Beaumont clay. To this 
same series of deposits, the areal extent of which in this region is shown 
on the map, the name Lissie formation is applied. 

The Lissie extends from the region northeast of Brazos River 
southwest toward the Rio Grande. It consists principally of gravel, 
sand, and sandy clay derived from the erosion of the formations of the 
Edwards Plateau, the Central Mineral Region, the Central and West 
Texas areas, and also from the erosion of the up-dip formations of the 
Coastal Plain, and the formations west of the Rio Grande area of 
South Texas, both in the United States and Mexico. The formation is 
thin,—probably rarely exceeds 50 feet in thickness and is generally 
less than half this amount. It dips toward the coast at a rate slightly 
greater than the coastward slope of the surface. It lies unconformably 
on the Oakville and Lagarto and unconformably below the Beaumont 
clay. On the basis of vertebrate fossils, it is believed to be Pleistocene 
in age. 

In 1890, Penrose? gave the name Reynosa to the caliche deposits 
exposed at the town of Reynosa, Tamaulipas, Mexico. To the caliche 
deposits of the region under discussion the name Reynosa caliche is 
applied. Some question may be raised as to the advisability of giving 
the caliche a name. If the main caliche mantle in the area discussed 

1 Alexander Deussen, “Geology and Underground Waters of the Southeastern Part 
phan Texas Coastal Plain,” U.S. Geol. Survey Water Supply Paper 335 (1914), pp- 


2R. A. F. Penrose, Jr., “A Preliminary Report on the Gulf Tertiary of Texas 
from Red River to the Rio Grande,” Texas Geol. Survey 1st Ann. Rept. (1890), p. 63. 
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should not be given a name, then the name Reynosa should be aban- 
doned. From the data thus far collected, there is no objection to as- 
signing a Beaumont age to much of the caliche, although it may have 
begun to form in Leona time. 

As a rule, the caliche has formed west of the 32-inch rainfall line. 
It is believed that the major portion of it is deposited by the evapora- 
tion of, or loss of carbon dioxide from, waters within the ground which 
carry calcium bicarbonate in solution. 

In 1890, Penrose! applied the name Upland gravel to the gravels 
capping the highest hills and the high bluffs of the larger rivers. It is 
not known exactly to which deposits this name was given, and it is 
possible it included the present Lissie as well as the up-dip gravels. 
However, as the name is already in the literature and as it is well 
suited to cover the deposits of the upland terraces, the name, Upland 
Terrace deposits, is used in this paper for the deposits on the terraces 
which were formed in the Rio Grande region and in the area adjacent 
to and down the dip from the Balcones fault zone, and which have 
been named the Uvalde, Leona or Asylum, Capitol, Depot, and Re- 
cent terrace deposits. The Uvalde and Leona or Asylum deposits are 
not obviously associated with the present streams. The terrace de- 
posits consist of gravel, sand, sandy clay, and marly clay. They were 
derived from the erosion of the older formations and represent a débris 
apron occupying various levels over the upper reaches of the Coastal 
Plain. 

The terrace deposits range in age from Pleistocene to Recent. The 
Uvalde is believed to be correlative with the Lissie. The Leona was 
deposited after Lissie and Uvalde deposition and before the deposition 
of the Beaumont now exposed in the Coastal area. 


Note: After this paper was written, U. S. Geological Survey Bulletin 837, 
by A. C. Trowbridge, entitled ‘“The Tertiary and Quaternary Geology of the 
Lower Rio Grande Region, Texas,” was published. As far as the Uvalde, 
Lissie, and Reynosa are concerned, it agrees in its major features with the 
reconnaissance paper published by Trowbridge in 1923. Another paper by 
Trowbridge on the Reynosa formation was published in Geol. Sec. Amer. 
Bull., Vol. 37 (1926), pp. 455-62. 


DISCUSSION 


ALEXANDER DEvSSEN, Houston, Texas: The paper presented by Mr. 
Weeks is an interesting contribution to the geology of the Coastal Plain area 
of Texas, south of Brazos River. 

However, I can not agree with Mr. Weeks in placing the Oakville and 
Lagarto formations in one stratigraphic unit. I am firmly of the opinion that 


1R. A. F. Penrose, Jr., op. cit., pp. 59-60. 
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they are two separate units, which can be readily discriminated one from the 
other, and can be easily mapped. 

His definition of the Lissie formation is identical with that used by me in 
the paper dealing with the ‘‘Geology and Underground Waters of the South- 
eastern Part of the Texas Coastal Plain,” published in 1914. 

In this paper the Lissie gravel was defined as a stratigraphic unit along 
the coast, lying above the Fleming formation, and beneath the Beaumont 
clay. 

In the later report dealing with the “Geology of the Coastal Plain of 
Texas West of Brazos River,” published in 1924, I limited the Lissie forma- 
tion to a unit lying above what was described as the Reynosa formation and 
beneath the Beaumont clay. 

The Reynosa formation, according to my conception, should not be 
abandoned, although it may be that some of the material which has been in- 
cluded in the Reynosa should be excluded from it. It is very probable, in view 
of later studies, that the high-level gravels referred to the Uvalde, and the 
limy flint conglomerate capping the Bordas escarpment, previously included 
in the Reynosa formation, should be excluded from it. I am now inclined to 
the view that the Uvalde gravels, and the limy flint conglomerate capping the 
Bordas escarpment assigned to the Reynosa, are probably the interior 
equivalents of the Lissie, and are Lissie in age. 

However, there is a definite stratigraphic unit which appears in Live Oak, 
Bee, Goliad, and Victoria counties, lying unconformably above the Lagarto, 
and dipping below the Lissie. These beds were included by me in the Rey- 
nosa formation. It is to this series of beds to which I would prefer to apply the 
name Reynosa, excluding from the Reynosa the Uvalde gravels and the limy 
flint conglomerate capping the Bordas escarpment, typically displayed at 
La Santa Cruz Hill east of Rio Grande City. 

The unit previously referred to in Live Oak, Bee, Goliad, and Victoria 
counties consists of a series of limestones and some characteristic pinkish red 
and white mottled clays, that are readily distinguished from the underlying 
Lagarto, and the overlying Lissie. 

There is a very pronounced unconformity at the base, and in many places 
a gravel bed or a conglomerate forms the base of the formation. From the 
basal conglomerate and gravel have been recovered in a number of localities 
some fossil vertebrates that are identified as of late Pliocene age. 

In the paper on the “Geology of the Coastal Plain of Texas West of 
Brazos River’’ the following section was described at Goliad. 


SECTION ON SAN ANTONIO RIVER AT CROSSING AT GALVESTON, 
HARRISBURG AND SAN ANTONIO RAILWAY AT GOLIAD, TEXAS 


Reynosa formation? Feet 
Soft limy clay with balls of yellow or limonitic clay 2 to 6 inches in 
diameter 


Unconformity 
Lagarto clay? 
Mottled pink and yellow shale 


Cross-bedded limestone. ........ 3 
White cross-bedded sandy limestone. .. . I 
10 f 
Mottled pink and green sandy clay............-... 2 
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The section as described in view of later information is essentially correct. 

According to my present interpretation the post-Oligocene section of the 
Coastal Plain west of Brazos River includes the following mappable units. 

Recent 

Beaumont clay 

Lissie—Uvalde gravel and limy flint conglomerate capping Bordas escarpment are 

the interior equivalents 

Reynosa 

Lagarto 

Oakville 

CHARLES H. Row, San Antonio, Texas: I should like to ask Mr. Deussen 
if he is familiar with the formation which the geologists in Southwest Texas 
are calling the Goliad sandstone, and if so, whether he considers it a part of 
the Lagarto, Lissie, or Reynosa formation? 

ALEXANDER DeEwvssEN: I am familiar with the formation which the geol- 
ogists are calling Goliad sandstone in Southwest Texas, and according to my 
interpretation it represents the basal portion of what I conceive to be the 
Reynosa formation. 

—————?: I should like to ask whether the geologists of Texas are 
familiar with the Citronelle formation of Louisiana, and how it should be 
correlated? 

ALEXANDER DEUvSSEN: The Reynosa formation is considered to be the 
equivalent of the Citronelle formation of Louisiana. 

A. W. WEEKs, San Antonio, Texas (written discussion received, January 
20, 1933): 1 am happy to learn that Mr. Deussen agrees that the Uvalde 
gravels are probably the interior equivalents of the Lissie and are Lissie in 
age. However, I do not believe that all of the flint conglomerates capping the 
Bordas escarpment are of Lissie age. Those at La Loma de la Cruz, east of Rio 
Grande City, seem to be, but those at the escarpment near Torrecillas and 
Mirando City, except the gravels eroded out of the section, are believed to be 
older. 

I do not combine the Oakville and Lagarto into one stratigraphic unit, 
but since the paper is not primarily concerned with this section, I have shown 
them with the same symbol as a matter of convenience. The divisions of the 
section are shown in the central part of the map. 

The Reynosa section given by Mr. Deussen was taken from his Profes- 
sional Paper 126, pp. 101-102, under his discussion of the Lagarto. Part of the 
section is omitted. His full section on San Antonio River at the crossing of the 
the Galveston, Harrisburg, and San Antonio Railway at Goliad, Texas, con- 
tains the following at the top. 

Feet 
Lissie gravel (?) 
White adobe or limy sandy clay 5 
White calcareous clay 


Coarse conglomeratic limestone with small balls of yellow and 
green clay } inch in diameter aay mae 2 


Some geologists place this entire section, excepting any caliche present, 
within that which I have called Upper Lagarto, and others place the few feet 
of pink and green clay near the water’s edge inthe Lower Lagarto. However, 
from Mr. Deussen’s discussion, I understand he would like to give the name 
Reynosa to all or a part of the section which I have called Upper Lagarto. 
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This would exclude from his Reynosa all of the material from other strati- 
graphic units which he and Trowbridge once included in it. 

I do not advise the adoption of the name Reynosa for all or a part of the 
section I called Upper Lagarto because it appears that Dumble gave the 
name Lagarto to this section in 1894, and because the name Reynosa was ap- 
plied by Penrose to the caliche deposits at Reynosa, Tamaulipas, Mexico, 
and vicinity, in 1890. 
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REYNOSA PROBLEM OF SOUTH TEXAS, AND 
ORIGIN OF CALICHE! 


W. ARMSTRONG PRICE? 
Corpus Christi, Texas 


ABSTRACT 


Caliche is used as a genus of soil-mineral accumulations, including calcareous, 
siliceous, ferruginous, aluminous and nitrogenous varieties in young, mature, and aged 
stages. Calcareous caliche (some travertine, sinter or tufa), quartzite, chalcedony, opal, 
iron oxides and hydrated oxides, kaolinite, bauxite, and laterite occur as caliches. 

Prolonged leaching of the surface soil on young plains and peneplains, with deposi- 
tion of leached minerals in a constantly descending zone 3-10 feet underground, forms 
horizontal layers of caliche minerals to produce a formation, the duricrust, of surficial, 
continental origin, transgressing older beds. Climatic zonation of caliches is noted. 
Soil carbonates accumulated in semi-arid, less soluble soil minerals in humid, zones. 
After strong leaching removes carbonates, less soluble caliches accumulate even in the 
arid zones. Desert caliches are tough, including the glazes. 

The Reynosa formation consists of 85 feet of upper caliches, alluvial sands, silts, 
and gravels formed on a post-Oakville or post-Lagarto plain, with several soil (caliche) 
beds. The Lower Reynosa is slightly thicker (not 600 or 1,500 feet, as some report), 
including gray sandstones, gray clays and conglomerates with gravel and tufa pisolites. 
Compact pisolitic tufa of the lower beds with land snails is of spring origin (associated 
with faults?). 

The Reynosa, including outliers up the dip, transgresses Lagarto to Cretaceous 
beds. The Pliocene-Pleistocene contact may separate the upper and lower divisions. 

The main body of the Reynosa, capped by caliche, holds up the Reynosa Plateau 
or cuesta, which has a mature karst ‘topography of knolls and basins floored in the beds 
overlapped by the caliche. Few rivers cross the plateau. Porous sands and gravels of 
the Reynosa furnish water for wells and feed many streams which head in the plateau 
or at its east foot. The caliche obscures and confuses stratigraphy and interferes with 
geophysical prospecting. Karst basins (palanganas) are not diastrophic in origin but 
may be modified by “structure.” 
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The request of Lloyd Stephenson and his colleagues of the United 
States Geological Survey for data for the Geologic Map of Texas 
stimulated the attack on the kind and degree of existing confusion of 
the stratigraphy of the Reynosa area due to the caliche mantle. The 
theory of soil-mineral accumulation of caliche was developed by the 
writer, using the excellent work of soil scientists, particularly Hawker 
and Wolfanger. Woolnough’s article on the “duricrust” of Australia 
confirmed and extended the writer’s conclusions. Thornthwaite’s 
quantitative climatic classification confirmed the writer’s redrawing 
of climatic zones for the southern coast prairie of Texas and permitted 
comparisons with adjacent areas. 

Great indebtedness is acknowledged to the geologists of Corpus 
Christi, Beeville, San Antonio, and Laredo for stratigraphic data and 
field observations and trips, the writer having done little field work 
on the Reynosa and its adjacent outcrops until after receiving this 
assistance at meetings of geological societies and in conferences on the 
forthcoming state map. 

The stratigraphic conclusions are based on the work of many South 
Texas geologists but carry out the writer’s theoretical ideas gained on 
his first visits to the area. 

All geologic work in South Texas begins and ends with indebted- 
ness to Alexander Deussen for his reconnaissance study, on which all 
later writers have built. His clear description of the major physio- 
graphic units was particularly useful. 


REYNOSA STRATIGRAPHY 


The Reynosa limestone of Penrose (1890)! was described from an 
exposure of calcareous caliché (porous, earthy, impure limestone) 
which forms the hill or terrace on which the town of Reynosa, Tamau- 
lipas, Mexico, is built. This town lies across the Rio Grande from 
Hidalgo, Texas (Fig. 1). Penrose reports that the caliche rests on 
sandstone near the river level, which he thought to be Fayette. 

Penrose did not map the formation or show its extensions except 
to make a tentative, but correct, correlation with similar material in 
water wells in Hidalgo County. The sandstone under the caliche is 
not now classed as Fayette,” but is considered to be a part of the Rey- 
nosa of later authors. 

1 Names of authors with dates refer to the list of references accompanying this 
paper. A detailed summary of the literature of this formation and much bibliographic 


matter bearing on it and on caliche are omitted here, as these phases of the problem are 
extensively covered in the paper by Weeks in this number of the Bulletin. 


? For nomenclature of Fayette see paper by Bowling and Wendler in this number 
of the Bulletin. 
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Dumble (1894 and 1903) described a Reynosa division, placing 
Penrose’s limestone bed at its top. His description is somewhat ob- 
scure, but includes clays of Lagarto type. Deussen (1924) and Trow- 
bridge (1923 and 1932) mapped and described the Reynosa formation 


Yj 


y 


county 


Sam Forovce 


WAP 1935 


Fic. 1.—Map of South Texas. Lined areas show Reynosa Plateau (held up by 
Upper Reynosa or Reynosa caliche) with outliers (“‘up-dip Reynosa,” “Uvalde 
gravel”). Extension into Mexico indicated. Figures show elevation of plateau above sea. 
Dotted areas are dune sand, including “‘ Desert” sand piain of Kenedy and adjacent 
counties and mature offshore bar along mainland shore. Intermittent streams omitted. 
Climatic zones after Thornthwaite (1931). Boundaries of Reynosa Plateau after U. S. 
Geol. Survey Preliminary Geologic Map of Texas (Darton et al., 1933) with parts of east 
boundary inferred. North end of portion of Bordas scarp in Mexico after Tatum (1931). 
Up-dip Reynosa after Deussen (1924) and Trowbridge (1932). 


from the Rio Grande to Brazos River. They place it as unconformably 
underlying the Lissie sands and unconformably overlying the Lagarto 
formation. The Lagarto is described by these authors and others (Bai- 
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ley, 1926; Sayre, 1933) as overlapped in most places south of Karnes 
County by the Reynosa. In Rio Grande Valley, in exposures at Sam 
Fordyce, a few feet of clay is somewhat tentatively placed in the La- 
garto by Trowbridge (1932, p. 182), following Bailey (1926). Deussen 
sees the Reynosa as overlapping the Lagarto southward and Trow- 
bridge maps the Reynosa as lying on the Oakville and Frio. The pre- 
liminary state geological map by Darton, Richardson, and Gardner 
(1932) maps the Reynosa as overlapping Oakville and Catahoula 
tuff. Lonsdale and Day (1933) do not mention either the Oakville 
or Lagarto in their preliminary description of the geology of Webb 
County, but show the Reynosa overlapping the Catahoula tuff. 

Deussen (1924), Trowbridge (1923 and 1932), and Sayre (1933) 
describe the Reynosa as thickening eastward down the dip. For Duval 
County, Sayre says, 

The dip of the Reynosa is to the east or southeast at the rate of 20 feet to 
the mile, whereas the slope of the plateau surface is in the same direction at 
the rate of about 15 feet to the mile... . Its thickness ranges from a thin 


film to 100 feet in the western part of the county and from 300 to 600 feet in 
the eastern part of the county. 


Others,! who have mapped the formation in greater detail, some 
using the plane table, divide the Reynosa of Dumble and Deussen 
into an upper and a lower division? of sub-equal thickness, the upper 
being apparently considered the thinner, with a maximum thickness 
in northeastern Duval County of 85 feet. These men seem to think 
that the Lower Reynosa should be made a separate formation from the 
Upper. 

The existing situation, as reflected by the literature, is particularly 
unsatisfactory from the standpoint of stratigraphy and nomenclature 
for the reason that the Upper Reynosa is composed chiefly of the 
earthy, porous, structureless to nodular limestone known as caliche 
(Fay, 1920) which the writer believes to be a soil-mineral accumulation 
formed on a plain which stretched across the outcrop of the Lower 
Reynosa, Lagarto, Oakville, Catahoula, underlying Tertiary and 
Cretaceous formations, and for the further reason that the limestone 
to which Penrose gave the name “Reynosa” is a part of the upper or 
caliche division of the Reynosa and not a part of the sandstones and 
clays of the lower division. 

Thus, if the Upper Reynosa be considered merely as a secondary 


__ 1H. A. Noble, Joe C. Palmer, A. E. Getzendaner, and others, including unpub- 
lished papers read before the Uvalde and Corpus Christi meetings of the San Antonio 
Geological Society by Irving K. Howeth and Phillip F. Martyn. 


2 Usage of Joe C. Palmer. 
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deposit, or surficial veneer of caliche formed in and representing an 
ancient (Pleistocene) soil which blankets underlying beds as does any 
surficial deposit,' the name Reynosa must be restricted to it, and the 
Lower Reynosa of South Texas, as well as the entire Reynosa north 
of Guadalupe River (the approximate northern boundary of the cal- 
iche mantle), is left without a name. E. L. Johnson, in a paper in this 
number of the Bulletin, describes this lower division as the Gray zone’ 
of the Reynosa. He describes it as composed of coarse-grained, gray 
to white sandstone, gray clay, and conglomerates cemented by cal- 
cium carbonate. Both gravel and “hard caliche balls” occur in the 
conglomerates. These “‘balls’’ are probably chiefly pisolites, but re- 
worked caliche nodules of the soil type may occur in it, though they 
have not been surely recognized by the writer. 

Trowbridge, in his recent edition of his reconnaissance study of 
the lower Rio Grande Valley (1932, p. 201) makes a suggestion which, 
if borne out by detailed mapping, may furnish a solution for this 
problem. He pictures the post-Oakville or post-Lagarto peneplain as 
accumulating, to an appreciable depth, residual material which, with 
the uplift of the Edwards Plateau, and perhaps of plateaus and moun- 
tains farther west, was washed down seaward across the plain by the 
rejuvenated rivers, collecting in greater thickness toward the coast. 
This alluvium formed “a sort of compound fan” upon which stretched 
“a sort of piedmont plain” (Trowbridge, 1933, p. 202). Some rivers, 
as the Nueces west of the Bordas scarp (Trowbridge, 1933, p. 20), 
have eroded this alluvium so deeply as to expose the underlying rocks, 
in which they have cut “gorge-like trenches.” 

If this is a true picture of the accumulation of the Reynosa sands, 
sandstones, and clays and their associated caliche beds, we may con- 
clude that the Upper Reynosa alluvium east of the Bordas scarp ac- 
cumulated very slowly, in several stages, with periods of quiescence. 
These quiet periods permitted deep leaching of the soil over the plain, 
with the formation of a continuous layer of soil-lime or mature caliche 
upon each land surface. When a new layer of alluvium was deposited 
above the old soil, which was more or less eroded above its caliche 
sub-layer, a new bed of caliche began to form and went to the stage 
of maturity (continuity of soil-mineral bed in large areas). 

Observations in quarries show that at least two beds of caliche 


1 Such as flood-plain alluvium, dune sand, lava, sheet ice, or standing water. 


2 The field name of “Goliad sandstone,” first employed by H. A. Noble and Irving 
K. Howeth in a Shell Company field party in 1928, has come into somewhat general 
use in South Texas but has no standing in nomenclature, since it has not been de- 
scribed in publication by its authors. 
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separated by sand, or clay, or loam, may be found in a 20-40-foot 
section. Well logs consistently report 50-100 feet of caliche in the 
area of the Reynosa Plateau. These well logs, unfortunately, do not 
show the presence or nature of the intercalated materials believed by 
the writer to be present. When a well is drilled through caliche, the 
cuttings turn the drilling water a milk-white color. Thin beds of inter- 
calated sediments would not, perhaps, be distinguished from the 
normally included gravel and silt of the caliche itself. Moreover, cut- 
tings from the first 100 feet of the log of a well drilled for oil are com- 
monly not sampled, nor is this section logged with any care. 

If, therefore, Trowbridge’s picture of the deposition of the Rey- 
nosa, so far as here sketched, is correct, with the writer’s additions of 
the successive caliche-forming periods as the alluviation became 
slower, we may conceive of the Upper and Lower Reynosa divisions 
as essentially one phase of deposition and one formation, to which the 
name Reynosa may properly be applied. When the deposition of 
alluvium was continuous at any one place, time was not given for the 
accumulation of soil-mineral beds (Hawker, 1927). When there were 
periods of non-deposition in any locality, soil production occurred. 
If the climate was then semi-arid or arid, caliche was formed by the 
leaching of the upper part of the soil and the accumulation of the 
dominant mineral of the formation at the base of the leached zone. 
Over almost the entire peneplain from the Cretaceous to the sea, 
the resulting mineral was calcium carbonate, except on the Oakville 
sandstone outcrop, where siliceous caliche formed, more or less inter- 
spersed with calcareous caliche. Siliceous caliche may have charac- 
terized the outcrops also of ash beds. The siliceous caliche will be dis- 
cussed later. Quartzite is its manifestation, with opal and chalcedony 
possibly developed where highly siliceous ground waters from sand- 
stone or ash country rock came in contact with veins of aragonite or 
calcite in the soil zones. 

Detailed descriptions of the Lissie, Reynosa, Lagarto, and Oak- 
ville from cuttings and cores in the subsurface are much needed to 
show the true succession, lithology, and thicknesses of the beds, so 
that we may establish a true stratigraphy of these formations whose 
relations are, to-day, obscured by the blanket of caliche of the Rey- 
nosa Plateau and by the scarcity of good surface sections. Figure 2 
is a diagrammatic interpretation of what seem to be the main strati- 
graphic relations in the Reynosa Plateau west of Corpus Christi. 

The maximum thickness ranging from 600 to 1,500 feet assigned 
to the Reynosa by various authors is probably greatly in excess of the 
true thickness. Such figures were probably based on the inclusion of 


i 
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some of the overlapped formations, largely the Lagarto, and derived 
by applying too steep a dip to the formation in its eastern portion, 
and by assuming that the several beds of caliche cropping out and 
forming separate scarps along parts of the western edge of the Rey- 
nosa Plateau—as near the common corner of Webb, Zapata, and Starr 
counties'—were representative of the entire formation, instead of 
constituting an upper division which had transgressed the lower divi- 
sion (lacking caliche) on the west. 
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Fic. 2.—Diagrammatic cross section from Bordas scarp to tidewater, showing 
probable relations of beds of mature calcareous caliche to associated formations in 
South Texas. Diagram exaggerates dips. No accuracy in formation thicknesses is at- 
tempted. Topography generalized from N. H. Darton’s manuscript map of Texas. 


The earthy calcareous caliche of the Upper Reynosa is indurated 
only in a surficial zone ranging from 1 inch to 4 inches in thickness, 
and seems to be nodular in the mature stage chiefly where it has been 
reworked during erosion, or when placed on roads. The separation of 
this type of the upper division from the more compact, nodular-to- 


' Information from John C. Clopton and mapping of an oil company reproduced 
as a series of west-facing scarps on Fansler’s land maps of the Laredo district. 4 
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pisolitic, calcareous tufas of the Lower Reynosa is necessary in order 
to solve the relationship of the two divisions. This separation has been 
made by E. L. Johnson,' who states that the Gray zone of the Rey- 
nosa contains conglomerates of two kinds: ‘“‘Those composed of sand 
and gravel and cemented with lime, and those composed of sand and 
hard caliche balls cemented with lime.”” The gravel and “caliche”’ 
balls (pisolites of tufa) superficially resemble each other and are, in 
places, mixed, with one type greatly predominating. Johnson states 
that this ‘‘caliche” (tufa) of the Gray zone is not to be confused with 
that of the “caliche mantle” (true caliche) which covers ‘‘much of the 
Lagarto and a part of the Oakville” in his area between Nueces and 
Guadalupe rivers. 

“Caliche balls” in Jim Wells and Duval counties similar to those 
described by Johnson are tufa pisolites. These are believed by the 
writer to have been formed in inland water bodies or lagoons of the 
Lower Reynosa where warm springs issued, perhaps along faults. 
Occurrences of compact, pisolitic tufa in the Lower Reynosa with 
pisolites like the “‘balis” of the sandy conglomerates are known to the 
writer from Jim Wells County on or near fault lines. Fresh-water 
snails observed in the tufa? strengthen the picture of a tufa so formed, 
since Jones (1925) has shown that loose pisolites occur in lakes of the 
Lahontan Basin adjacent to warm springs*® except where certain algae 
are abundant and cause deposition of a calcareous cement from lake 
waters to form compact pisolitic tufa. The pond snails occur with, 
and feeding upon, the algae.* 

It is known that the Reynosa Plateau and Bordas scarp area have 
many fissures and some geologists report many faults. The great 
number of these provides an abundant source for springs and for piso- 
lites, either cemented by calcium carbonate to form compact tufa or 
reworked to form conglomerates with gravel and sand. Ponds and 
fresh-water lagoons are believed to have formed in Lower Reynosa 
time along fault scarps or in drowned stream courses back of bars or 
valley deltas. 

It will be noted that the alluviation of the Reynosa Plateau area as 
postulated by Trowbridge must have antedated its isolation as a 


1 See his paper in this Bulletin. 

2 Collected by A. E. Getzendaner. 

3 R. C. Wallace, discussing Kindle’s paper on pisolites (Kindle, 1923, pp. 111-112), 
shows that concretionary calcium carbonate may form in ponds fed by brine springs. 


4 This topic is more fully discussed in a forthcoming manuscript. The snails are 
not recent. See also Kindle (1923) who describes pisolites and larger masses of tufa 
under the name marlyte. 
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plateau or cuesta, because, so soon as the streams became too deeply 
entrenched for the silt to reach the plateau upland, the present land 
surface began to emerge. The highest caliche bed of the Upper Rey- 
nosa group represents the soil-mineral-accumulation zone of this land 
surface. Hence, its age is partly, at least, Recent. During the Recent 
period, this highest caliche bed has been wholly stripped of its original 
soil, has weathered into knoll-like remnants between wide solution 
basins (palanganas) which have penetrated the entire caliche-bearing 
section in many places and are floored on or in the underlying strata. 
Soil in the basins represents the insoluble matter of the caliche mixed 
with some recent windblown sand and silt and possibly with some 
of the original soil above the caliche. 

Discrimination of the caliche of the Upper Reynosa from recent 
secondary deposition of caliche in exposed outcrops of older sand- 
stones must be made, recognizing the prompt descent of calcareous 
matter in solution into any exposed formation (Price, 1925) and its 
deposition in it, in the immediate outcrop zone, in proportion to the 
original porosity of the bed or to that developed by weathering and 
soil processes (leaching and eluviation). The study of the formations 
under the caliche is best made from cores, because of this “‘calichifica- 
tion” of outcrops and because of the considerable depth of soil ac- 
tivity in South Texas and the marked modification of most outcrops 
made in this plains area by soil processes and weathering. 

Down the dip under the Lissie, the Reynosa may be represented 
by beds of finer texture and of marine type (Trowbridge, 1933). How 
far down the dip the Reynosa caliche extends is not known. The 
writer is not aware of the occurrence of true caliche in South Texas in 
strata older than Upper Reynosa except as a secondary outcrop de- 
velopment. 


UP-DIP REYNOSA OR “‘UVALDE GRAVEL FORMATION’”! 


The series of caliche-and-gravel or gravel-bed outliers west of 
the Bordas scarp is believed by all writers to be of the same age as the 
main body of the Reynosa. It contains some sand and clay. It is de- 
scribed as having a maximum thickness of 30 feet except at a very 
few places (Trowbridge, 1932, p. 186). It transgresses all older beds 
of the Tertiary, and the Cretaceous of the Edwards Plateau. It is evi- 
dent that it represents either the western extension of the Upper 
Reynosa (which transgresses the Lower Reynosa) or a reworking of 
formerly higher deposits of gravel-bearing caliche of Upper Reynosa 


1 Up-dip Reynosa (Trowbridge, 1923). Uvalde gravel (Hill, 1891). 
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age, with the caliche of to-day formed in it after the reworking was 
accomplished, or contemporaneously therewith.’ 

Caliche is forming on some high-level river terraces to-day,’ as it 
is in the soils of the Beaumont and Lissie. This caliche is younger than 
the Reynosa. The sand and gravel of the Lissie may be, as Trowbridge 
infers, derived from the Reynosa. It is apparent that the highest 
caliche bed of the Reynosa is the time-equivalent of a part of the 
Lissie. The equivalence may extend to the whole of the Upper Rey- 
nosa and the whole of the Lissie. 

Sand now being blown upon the Reynosa Plateau area from the 
southeast is not calcareous and can not develop new caliche. Where 
river silt is deposited upon Reynosa beds in stream valleys, new 
caliche will form, or is forming, which may become indistinguishable 
lithologically from that of the Reynosa with which it may come in 
contact. Caliche in the Lissie no doubt lies on the Reynosa caliche 
along the contact of the two formations without affording lithologic 
criteria for their separation. 


REYNOSA PLATEAU? 


The approximate outline of the plateau for which this name is 
here proposed is shown on Figure 1 as co-extensive with the main 
body of the Reynosa caliche, or Upper Reynosa. It extends from 
Guadalupe River, in Victoria County, through the following other 
counties: Goliad, Bee, Live Oak, Webb, Duval, Jim Hogg, Starr, and 
through Tamaulipas, Mexico, across the Rio Conchos and south to or 
toward the Soto la Marina, in the vicinity of which the outcrops of the 
formations which form the plateau become narrow and approach the 
coast line. Its area is approximately 18,000 square miles. Small areas 
occur in DeWitt, Karnes, Jim Wells, Zapata, and Hidalgo counties. 
In Brooks County it is almost wholly overlain by windblown sand. 

The eastern margin of the plateau is formed, where not obscured 
by overlying windblown sand, by a low, interrupted scarp (Sayre, 
1933, P. 1), more or less constantly present, where the Reynosa 
Caliche dips eastward under the Lissie. This eastern margin probably 
coincides with the eastern scarp of Deussen’s Realitos Terrace (1924, 
p. 5). 


The problem of how this western outlier phase, or up-dip phase, of the Reynosa 
comes to occupy, for many miles west of the Bordas scarp, a lower topographic position 
than that of the main Reynosa area is discussed in the fuller manuscript. 


* For example, in Medina River southwest of San Antonio on the Laredo Highway. 


_ 5 Sayre (1933), in a press bulletin, used this term, following the writer, whose manu- 
script was placed at his disposal. 
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The western limit of the plateau is formed by the conspicuous 
Bordas scarp (Dumble, 1903, p. 5; Deussen, 1924, p. 8), commonly 
referred to as the ‘‘Reynosa scarp,” which is a westward-facing es- 
carpment extending the full length of the plateau, with a height of 
100-150 feet, but lower on the north. Diverging northward from the 
Bordas scarp, as described by Deussen, is the Oakville escarpment 
(Deussen, 1924, p. 9). The Bordas scarp is interrupted, as is the 
plateau, by Nueces River, Rio Grande, and Rio Conchos (Tatum, 
1931, p. 870), which cross it in deeply cut valleys. A very few small, 
narrow arroyos and low swales, containing intermittent streams, cross 
the plateau. One or more high-level, abandoned valleys are believed 
to cross it. The Bordas escarpment is irregular, being recessed and 
notched by many west-flowing, short valleys.' The plateau ranges, 
in its central portion, from 100 to 500 feet in height above the valleys 
on the west. Its highest point is at Mirando City, near old Torrecillas 
(now Oilton), where a United States engineer’s bench-mark shows 
1,004 feet. This point is between 200 and 300 feet higher than the Rio 
Grande-Nueces divide for 50 miles and more inland. The writer is in- 
clined to view the whole feature of up-dip scarp, outliers, and arched 
surface as physiographic, although differential uplift may have con- 
trolled important elements of the physiography. 

The Reynosa Plateau approximately coincides with the Reynosa, 
Torrecillas, and Realitos plains and terraces of Deussen (1924, pp. 4, 
5, 8) and with their equivalents in Mexico. 

The writer prefers the classification of plateau to that of plain, 
or cuesta, for this physiographic unit, because of its prominent western 
scarp, the slight decrease in upland slope east of it, forming a faint 
east-facing scarp, and because of the distinctive type of topography 
(karst) developed in the soluble caliche.? 


KARST TOPOGRAPHY OF REYNOSA PLATEAU 


The solution-basin type of topography developed on elevated 
limestone areas of wide extent is known as karst (Johnson, 1921, pp. 
531, 541). The Reynosa caliche area is a typical karst plateau, lack- 
ing surface waters because of the sinking of drainage below ground, 
cut into knolls alternating with basins (palanganas) which range from 


t mile to several miles in width, as much as 50 feet® in depth, some 


1 Sayre (1933) shows that the sand and gravel beds of the Reynosa furnish water 
for wells generally on the plateau in Duval County. Many streams head in or at the 
east foot of the plateau, fed by these porous, water-bearing beds. 

a The distinction made between cuesta and plateau is, in this case, one of connota- 
tion rather than a pronounced topographic distinction. 


3 No accurate data available. Palangana is the Spanish for basin. 
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enclosed, but many with surface drainage outlets from one basin to 
another or into the few stream valleys which meander through the 
plateau. There is no evidence of the development of caverns or sub- 
surface solution channels in this structureless, earthy limestone. 
Joints have not been observed in it. The lime tends to fill, by re- 
deposition, any cracks which might be formed. 

The basins are partly filled with soil, chiefly red sand and loam, 
with some irregular areas of yellow and gray sands, apparently former 
dunes. Some basins have penetrated the entire thickness of the 
caliche, as have many stream valleys (Sayre, 1933, p. 8). The knolls 
are mostly barren of soil. The soils above the caliche in the Reynosa 
Plateau are typically brownish red, light red, brick-red, and brown. 
They are also typically lacking in calcium carbonate, but contain iron 
minerals as red coatings of sand grains (Deussen, 1924), red colora- 
tion of loam and clay soil, and black manganese glazes on some of the 
gravels. Windblown sand covers the caliche in some areas, particu- 
larly in and adjacent to the sand plains of Brooks, Jim Hogg, and 
adjacent counties. This sand exists as a thin veneer over the caliche 
as far north as southern Duval County (Sayre, 1933, p.8). From Live 
Oak County north, the plateau bears scrub evergreen (“live”) oaks. 
In Duval County and farther south the chaparral flora is typical, 
with mesquite conspicuous. 


REYNOSA NORTH OF GUADALUPE RIVER 


The writer has made no investigation of the formations north of 
the Reynosa Plateau formerly mapped as Reynosa. It is the con- 
sensus of opinion of many of the geologists interviewed and the 
writer’s interpretation of the origin and stratigraphic relationships 
of caliche that age representatives of the Lower and Upper Reynosa 
divisions, as herein described in general terms, may be traced north- 
east of Guadalupe River. The sandstones of the Lower Reynosa are 
believed by Noble! to lens out northward, disappearing in Lavaca and 
Colorado counties, with a few possible extensions farther north. 


UPPER REYNOSA CONTINENTAL BED 


The recognition of the origin of the Reynosa caliche or Upper 
Reynosa as a series of soil-mineral beds in alluvium, both containing 
conspicuous amounts of gravel, makes possible the delineation of a 
Reynosa continental bed which is represented on the south by the 
Upper Reynosa, or Reynosa caliche, and which should be repre- 


1 Homer A. Noble, personal communication, 1931. 
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sented north of Guadalupe River by beds of alluvium on which were 
developed other soils of equivalent age, not containing beds of caliche 
but characterized by iron compounds of soil origin, probably including 
nodules, lenses, and disseminated grains of iron oxides, hydrated 
oxides, and carbonates. Dumble described such a passage from caliche 
to iron-bearing sands and gravels as taking place at Guadalupe 
River. Dumble’s description of a possible northward age equivalent 
(Orange sand) of the Reynosa caliche is as follows (1894, pp. 560- 
563): 

East of the Gaudalupe the lime is gradually replaced! by iron. The Orange 


sand phase appears in the Colorado drainage and east of that stream becomes 
the prevailing form, although some lime is present at many localities. 


The passage from caliche in the semi-arid area of the south to iron- 
bearing soils in the sub-humid and humid zones north of this river is 
in strict accord with the requirements of the soil-mineral theory of 
caliche origin herein presented. 

The mapping of such ancient soils where not marked by beds of 
continuous (mature) caliche would probably be a most difficult mat- 
ter. The Reynosa caliche gradually fades out toward the north along 
the strike. Solid beds and lenses of caliche extend farthest north on 
the sandstones, while caliche exposed in the clays north of Guadalupe 


River is chiefly in the form of soft aggregations or lenses which become 
indurated into hard, round or columnar concretions where exposed 
to the air. These may also be found in the clays under cover. Nodular 
caliche is also found in younger soils in the semi-arid zone. 


TERMINOLOGY AND VARIETIES OF CALICHE 


The term caliche is of Spanish origin, from Latin calx, lime, and is 
commonly applied in North America to a porous, earthy calcium 
carbonate containing impurities of soil, sand, and gravel, which oc- 
curs widely at the surface or at shallow depth in the soil or penetrat- 
ing porous rock outcrops in the zone of weathering. 

It has been recorded that deposits of siliceous and ferruginous ma- 
terials occurring similarly to the calcareous rock here described have 
also been called caliche (Lonsdale, 1926). The writer herein proposes 
to extend the term to incipient and young accumulations of soil- 
lime’ in the form of grains, flakes, nodules, irregular aggregates, and 
unconsolidated beds of soil carbonates. The latter are herein termed 


1 Not used in the sense of replacement, as of ore minerals. 


? Calcium carbonate accumulating in the soil under soil processes. The point of 
deposition is the B zone, at the base of the leached, or A zone of the soil. 
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young caliche. Consolidated beds of calcium carbonate, like the 
Reynosa caliche, are termed mature caliche. In South America im- 
pure sodium nitrate deposited in the soil of the Pacific Coastal Plain 
around saline playas and just interior to the coastal range of hills 
is called caliche. 

Tough soil-minerals of arid (desert) regions, including dense, 
hard caliche limestone, desert glazes,! vitreous varieties of siliceous 
caliche and similar surface and soil deposits of deserts are herein 
termed old caliche. The young and mature stages in deserts may be 
absent or of brief duration. Old caliche may form in semi-arid moun- 
tain areas, as in northern Vera Cruz, and central Tamaulipas, Mexico, 
as talus-breccia matrix. 

Similar age stages may be recognized in soil-mineral accumula- 
tions of other mineralogic types, such as ferruginous, aluminous, and 
siliceous caliches. The term caliche is a convenient geological term for 
all types of soil-mineral accumulations such as the laterites, some 
bauxite, some kaolin, and soda niter. 


LITHOLOGY OF MATURE CALCAREOUS CALICHE 


This is the rock commonly known to-day to South Texas geologists 
as caliche. It is described by many as tufaceous, but lacks both the 


dendritic and the compact texture of some tufas. Nor does it resemble 
the “‘coralline,” pisolitic, or “‘thinolite” tufas of Lake Lahontan 
(Jones, 1925), or the banded structure of travertine and stalactite. 
It lacks, also, the structural strength and compactness of commercial 
travertine. The classification of the tufas, sinters, and travertines 
seems not to be a rigid one, and varies in usage with locality and 
author. The caliche of South Texas may be described as a tufa, or 
sinter, with many earthy, gravelly, and sandy inclusions. 

Mature calcareous caliche is a porous, earthy to friable, finely 
granular to irregularly nodular calcium carbonate some of which 
contains small crystals of calcite and all of which holds notable im- 
purities in the form of gravel, sand, and soil residues. It is too friable 
for cross sectioning by ordinary methods and its microstructure is 
not known to the writer. 

Some nodular structure seen in caliche is secondarily developed 
after the rock has been quarried, crushed, and exposed to the air. 
A large quarry in the Reynosa caliche at Realitos, Duval County, did 
not show nodular caliche in fresh exposures. Here, the laminated 
zone was about an inch thick and lay just beneath an irregular soil 


1 A glaze of black manganese forms on pebbles in the sub-humid and semi-arid 
zones. 
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cover of 2 or 3 feet of red sand and loam. At a depth of about 3 feet 
below the laminated zone, a pale blue and green mottling appeared 
which increased downward to a depth of approximately 9 feet, where 
the material showed the color and structure of typical Lagarto clay, 
into which it gradually passed without a break at about ro or 11 
feet. Gravel and sand were irregularly distributed in the caliche in this 
quarry. 

Other quarries have shown the same passage into underlying clays. 
Blake (1902) describes the caliche of southern Arizona as passing 
gradually in depth into underlying sands and clays. 

Hawker (1927) describes caliche in Hidalgo County, Texas, over- 
lying dark clay with which it had a sharp contact. The caliche was 20 
feet thick, the upper half being of uniform structure, the lower half 
extending downward at irregular intervals into the shale in the form 
of stalactite-like columns several feet in thickness. The clay between 
the columns showed flakes and grains of caliche. There were large 
masses of caliche in clay and of clay in caliche. 

Induration of calcareous caliche occurs at its top, with lamina- 
tion, the laminae being reported to have a vertically fibrous structure, 
resembling that of aragonite. Lamination is reported as best de- 
veloped under a thin soil. Induration in Reynosa caliches, as observed, 
is caused by redeposition of calcium carbonate (via aragonite) from 
solution. It may be observed after rains where the caliche is exposed. 
Locally, at the contact of mineral veins, it is seen to be silicified. 

Cross-bedding in caliche seems to be connected with old levels of 
induration or of subsoil deposition and to bear no relation to bedding 
or cross-bedding in the enclosed sands and gravels. Johnson reports 
the caliche cross-bedding as intersecting such bedding or cross-bed- 
ding in the enclosed and associated sands and gravels (1901). 


ORIGIN OF CALICHE 


Hawker (1927) has shown that progressive leaching of the upper, 
or A zone (Wolfanger, 1929) of the soil in Hidalgo County, Texas, 
results in the concentration of calcium carbonate at gradually in- 
creasing depths in the soil, first invisible, then as grains, then as 
nodules, then as a definite layer of “pinkish buff” clay high in cal- 
cium carbonate and with soft aggregations of this mineral, finally as 
a solid bed of earthy caliche. These gradations occur within the area 
of the county, in fluvial soils of the Rio Grande and passing into what 
is probably Beaumont! or Lissie, and finally into the Reynosa caliche 


1 Lenses of caliche of mature type, but too soft for good road material, occur in the 
Beaumont of Refugio County and farther south. 
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(Fig. 3). From the standpoint of the soil scientist, these gradations 
occur in soils whose stage of development progressively increases with 
that of the stage of development of the caliche. 

The zone of accumulation and concentration of the soil lime or 
caliche is the B zone. This zone migrates downward from a few 
inches to 6 or 8 feet in depth. The caliche ranges in thickness below 
this depth from 2 or 3 to 20 feet. 
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Fic. 3.—Young to mature stages in development of calcareous caliche under a soil 
cover. Caliche (mature stage) in limestone-block pattern. Soil-lime (young caliche) 
nodules shown by black dots; gravel by ovals. Stages I to V after Hawker (1927), as 
developed in Hidalgo County, Texas. Stage I, unleached calcareous soils renewed by 
overflow. Stages II and III have A-zone (upper) soils partly leached. Stages IV, V, 
and VI have A-zone soils fully leached. Stages II and IV show soil-lime incrustations 
in root channels and induced mycelioid tubules. Stages III and IV show highly cal- 
careous “pinkish buff” clay by diagonal lines at its top, which is top of B (accumula- 
tion)-zone. Stage VI shows Reynosa (weathered mature) caliche in Starr County, 
Texas, adjoining Hidalgo County on west, with interbedded C-zone soils and B-zone 
caliches. A-zone soils have been removed by erosion. Below caliche, top of Lower 
Reynosa is shown. “ Residual’”’ (colluvial) soil shown in bottom of a solution basin 
(palangana). Approximate surface elevations given for southern Hidalgo County. Verti- 
cal scale of sections 4 times profile scale. Geological boundaries between stages hypo- 
thetical, not determined from field observations. Sandy and gravelly soils commonly 
show typical soil and caliche profile of next older stage to that of clays of similar 
topographic position and equal geologic age, unless drainage of porous bed has allowed 
complete extraction of caliche or its descent into underlying formations. 


These phenomena are not newly described in Hidalgo County, as 
soil-lime accumulations have been previously found to be characteris- 
tic of the predominant soils of arid and semi-arid regions of the world, 
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as far as these are known to-day.! To Hawker, however, or possibly 
to Fox (1905), belongs the credit of connecting the well known soil 
lime of the soil scientists with the caliche of the geologists, though 
neither gave a comprehensive treatment of the problem. Hawker’s 
work has failed previously to reach the attention of geologists because 
of the place of its publication. 

Hawker is unable to explain (1927) the production of 10-20 feet 
of caliche in western Hidalgo County by the leaching of the calcium 
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Fic. 4.—Soils and geological formations of Hidalgo County, Texas, after Hawker 
(1927) and Trowbridge (1932). Tr= Reynosa. QL = Lissie. QB = Beaumont. QF = Flu- 
vial deposits of present Rio Grande Valley and delta. Sand=Dune sand of Kenedy 
County sand plain. Depth of leached soil above B-zone accumulations shown as 
follows: C6’=caliche at 6 feet. L3’=soil-lime at 3 feet. For location of county, see 
Figure 1. 


carbonate from the 6 or 8 feet of soil now overlying the caliche. The 
writer believes that there is a hiatus at this point where the caliche 
of the Recent period, formed in Beaumont and Recent soils, abuts 
against the eastern edge of the Reynosa caliche, which is believed to 
be of Pleistocene age. This junction has not been observed by the 
writer but, from theoretical considerations, it probably occurs in 


_. | Recent criticism of this climatic zonation of soil types has not taken into con- 
sideration past fluctuations of climate. 


/ | 
/ 
/ Duvat/Sous\* 
/ 
we 
/ 
/ A ~ 
5 
/ Bresufan So” 
C3’ 4 ' 
\ 
we- > S's 
O ~ 4, 
> Fumes | 
m7 WAP 1933 


REYNOSA PROBLEM AND ORIGIN OF CALICHE 505 


such a manner that the two blend gradually, the younger overlapping 
the older. 

The writer is inclined to explain the production of the thick beds 
of the Reynosa caliche by introducing, as in accord with geological 
principles, a gradual growth and accumulation of the caliche while 
slow erosion of the upper, leached portion of the soil took place. 
Gradual leaching lowers the zone of accumulation and erosion lowers 
the upper surface of the soil, while the level of ground water and 
of underdrainage fall with entrenchment of streams. Thus, a consider- 
able thickness of soil may be formed and be leached, to yield a thick 
caliche. 

Wind erosion has been active in South Texas under the on-shore 
wind and has produced a great sand plain which has penetrated at 
least 80 miles inland just north of the Rio Grande delta. Wind erosion 
has probably been an important factor in the reduction of the sur- 
face of the Reynosa Plateau in addition to fluvial erosion. The demon- 
strated descent of the soil-lime bed, or B zone, into the relatively 
unaltered parent material, C zone, below, in Hidalgo County and in 
many regions of the earth, shows that, given sufficient length of time, 
the caliche could descend as deeply in the earth as the progress of 
erosion and the consequent lowering of the level of ground water and 
of the underdrainage of soil would permit. The development of the 
karst basins of the Reynosa Plateau, with the extraction of vast 
quantities of caliche by solution and underdrainage, shows that de- 
scent is occurring on a large scale.! Hawker’s observation of the 
stalactite-like caliche columns indicates one mode of descent of the 
caliche. 

The gradual downward passage of caliche into clay in Duval 
County and in southern Arizona (Blake, 1902) further illustrates the 
truth of the deduction that caliche descends gradually into the parent 
material beneath the upper soil zones. 

Other types of soil-mineral accumulation have been observed in 
Texas by the writer. Replacement of one mineral by another in the 
soil during the process of the deposition of soil minerals is postulated 
in certain cases. 

In the semi-arid zone, a siliceous cementation of the outcrop of 
the Oakville sandstones along the Bordas scarp* and its outliers 
(Bailey, 1926) may be considered a development of mature siliceous 
caliche. Siliceous replacement of calcareous vein minerals is viewed 

! Mechanical erosion of caliche becomes important after a solution basin is tapped 
by a headward-working stream. 


2 Itself limited to this climatic zone. 
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by the writer as a probable explanation for many of the occurrences 
of chalcedony, opal, silicified calcareous caliche, and silicified sand, 
gravel, and clay which occur in a zone a few miles wide along the 
west side of the Bordas scarp from Tamaulipas, Mexico, to Live Oak 
County, and abundantly within the area of the Reynosa Plateau in 
Bee, Goliad, and Live Oak counties. Bailey and Deussen cite calcare- 
ous veins with the fibrous forms of aragonite, the calcite having re- 
placed the less stable aragonite. The association of chalcedony and 
calcite alternately along the strike or at the same points in these 
veins suggests that the more soluble carbonates were the original 
minerals, with irregular replacement by silica beginning in the B 
zones of the post-Lagarto plains and extending downward 20-40 feet 
into the C zones before soil-stripping occurred on the plateau. 

The silica present in the Oakville, Catahoula, and Lower Reynosa 
beds may readily have supplied the silica for replacement of the 
calcite. The processes of soil-mineral deposition, a phase of leaching, 
known to form siliceous caliches readily (Lonsdale, 1926; Woolnough, 
1928; Wolfanger, 1929), were active in the area and could have sup- 
plied the silica for replacement of the more soluble carbonates. Verti- 
cal migration of siliceous waters on fissures and faults from siliceous 
beds below—notably from ash beds of Tertiary formations—may ex- 
plain some chalcedony masses, but some may be remnants of siliceous 
caliche from the old post-Lagarto pre-Lissie plains. Where veins of 
calcite or aragonite crop out in beds of low siliceous content, a pure 
calcareous caliche may result, lacking inclusions, and lithologically a 
sinter or tufa (Price and Palmer, 1928; Cuyler, 1930). 

A pocket of kaolin in a karst basin in the Edwards Plateau, about 
8 miles southwest from Leakey, in Real County, Texas, occupies a 
considerable part of a section of land and is overlain by abundant 
outcrops of a siliceous talus breccia of flint hardness. This breccia 
encloses chert, silicified limestone, and red coloring matter from the 
soil of the karst basins. The kaolin and the silica, both known to ac- 
cumulate as soil minerals, are believed to be the products of leaching 
of the limestone in place. 

In the humid and sub-humid zones (Thornthwaite, 1931) siliceous 
caliche is formed in Polk and adjacent counties in East Texas on the 
outcrop of ash-bearing beds of the Jackson Eocene (Dumble, 1920, 
p. 171-173), where C. L. Baker reported a silicification which parallels 
the surface and cuts across sedimentary banding. This silicification 
also occurs in ash beds in such a manner as to form low scarps along 
the line of the United Gas System pipe line from points east of Cor- 
rigan toward Neches River. The scarp fronts are silicified and bedding 
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planes of the ash are visibly developed; but on the low, back slope of 
the cuestas the ash is soft, unconsolidated, and the bedding planes are 
not emphasized by induration. The ridges have long been exposed to 
weathering and the scarps of the cuestas have been hardened by a 
siliceous caliche. This type of caliche seems to form on exposed out- 
crops more quickly than beneath a soil cover, although the present 
condition may be the result of erosion of a former soil cover. 

Nodules of iron oxides and hydrated oxides are common in sedi- 
ments of the humid zones, many of which evidently form in the zone 
of weathering (Smith, 1931). In the area of the Cook Mountain and 
Mount Selman outcrops in East Texas and in the central Gulf Coast 
region, many occurrences of purplish red ferruginous conglomerate 
(not on greensand outcrops) have been noted on river terraces of 
Pleistocene age. These seem to be a ferruginous caliche, the iron 
being supplied in abundance from the greensands. 

According to the present soil classifications (Marbut, 1927; 
Wolfanger, 1929) the more soluble minerals of soils, the saline and 
alkaline minerals and calcium carbonate, are removed by soil waters 
and surface waters in the more humid regions, but the less soluble 
minerals, silicon, iron, aluminum, to which the writer would add 
manganese, accumulate there in the soil. In the semi-arid regions, 
the saline and alkaline minerals accumulate in enclosed basins, such 
as playas and lagoons, where evaporation exceeds outflow, and cal- 
cium carbonate accumulates generally in the soil. 

To these observations, the writer would add that, after the leach- 
ing of the carbonates from the A zone of a soil in the semi-arid and 
arid regions, and their accumulation in a gradually descending B 
zone, the less soluble minerals may then begin to accumulate from the 
A zone, which has, by that time, become fully leached of its car- 
bonates. After calcareous caliche has been formed below, iron oxides 
may accumulate in the overlying leached zone. If this iron is in small 
amounts it will exist only as a coloring matter. If in greater amounts, 
nodules and nodular beds will be formed. Also, we may have siliceous 
and ferruginous caliches developed independently in both the humid 
and the arid zones, the occurrences of each depending on the pre- 
dominant chemical composition of the parent material. A broad belt 
of non-calcareous caliche may develop a siliceous caliche, or an out- 
lier butte of calcareous sandstone, like the Oakville, may, because of 
superior under-drainage, lose its carbonates entirely, leaving only the 
silica to be deposited in its B zone. 

With these general conclusions, the extensive work of Woolnough 
in Australia seems to be in full harmony (1928). He describes, under 
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the name of the duricrust, the accumulation of minerals in the weath- 
ered zone, which is the same as saying the soil, on a well-developed 
peneplain supposed to be of Miocene age. These minerals, he says, 
have distributions depending on the location of the climatic zones. He 
includes in his duricrust: laterite, other ferruginous beds, kaolin, 
bauxite, siliceous and calcareous beds, and desert glazes.' His term, 
duricrust, denotes the stratum, while caliche is the rock type of which 
it is composed. 


FORMATION OF CALICHE AS SOIL-MINERAL 


The formation of caliche, as in the case of the young to mature 
stages of calcareous caliche of Hidalgo County, Texas, has been ex- 
plained by the extraction of carbonates from the upper soil zone and 
their deposition at the base of the leached zone. The abundant evi- 
dence compiled by soil surveyors in recent years from all parts of the 
world confirms this observation. 

That caliche forms under a soil cover is not readily observable in 
areas where the overlying soil has largely been eroded, as in parts of 
the Great Plains of North America. C. L. Baker, however, writes that 
colloidal silica is formed under soil cover in the High Plains of Texas. 
The writer has recorded the formation and growth of calcareous 
caliche, accompanied by expansion of porous shale, in which the 
caliche developed beneath thin surface beds of dolomite, the soil 
solutions having access to the shale through joint planes in the 
dolomite (Price, 1925). The writer has also observed calcareous 
caliche forming as a thin surface crust on the surface of calcareous 
marls and shales forming the walls of trails cut to depths of several 
feet by animal pack-trains in Mexico. Caliche can be seen to floor the 
beds of small stream valleys recently cut in dolomite and limestone 
in the coastal plain of northeastern Mexico. Caliche, evidently, may 
form on the surface where there is no soil, or in the porous and fis- 
sured outcrop of hard rocks lacking a soil cover. It is also reported as 
forming dense glazes on the surface of dunes of calcareous and dolo- 
mitic sands in deserts. In these cases, the B zone of the soil is at the 
surface, the A zone having been removed by erosion. 

Although the downward descent and growth of caliche may be 
demonstrated from the geological standpoint by simple observation 
and deduction, as in the soil-lime stages of Hidalgo County and the 
basins of the Reynosa Plateau, the question of the chemical processes 

1 Vitreous silica occurs as glazes on ancient sand dunes in the Australian desert, 
according to Ben C. Belt. Other types of desert glazes are known. Manganese glazes 


are common on gravel in Texas, in the Reynosa caliche and elsewhere in elevated 
terrace deposits. 
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involved in the precipitation of the caliches from solution may involve 
a number of steps. 

It is the emphasis laid by geologists on the chemical point of view 
which, the writer believes, has for so long a time taken their attention 
from the physiographic and geological life history of caliche. 

The writer agrees with Woolnough in his picture of the deep 
weathering of peneplains, where erosion has become greatly subdued, 
and transportation of sediment and of solutions into the area of the 
peneplain has also practically ceased. To this conception should be 
added similar theaters of caliche production on young plains and on 
plateau-remnants of dissected plains, where alluviation is absent and 
erosion is not so active as to remove deep soil blankets. 

Woolnough writes of the long continued contact of ground-water 
solutions with the parent materials of the zone of weathering and of 
the chemical and physical-chemical reactions which result. This is the 
same as the picture which the soil scientists give us of the long con- 
tinued action of soil solutions upon the materials of the soil zones, 
A, B, and C. By translating the action into soil terminology, we take 
advantage of the laws and classifications recently developed in this 
young science and of the steadily growing mass of data on earth 
science accumulated by them. 

Woolnough sees the accumulation of iron and aluminium oxides 
in pluvial climates! as the result of incomplete peneplanation. With 
complete peneplanation in such climates, Woolnough thinks (1928, 
p. 888) that all the soil minerals should be completely leached and 
carried off to the “‘drainage bottom” which he pictures as remote from 
the scene. This removal is now in progress in the Reynosa Plateau. 

In regions of seasonal rainfall, with strongly contrasted periods 
of saturation and desiccation, according to Woolnough, rainfall sinks 
deeply into parched and cracked ground. There it remains in contact 
for long or short periods until the period of evaporation and desicca- 
tion begins. Semi-arid and desert regions, as well as parts of the sub- 
humid and humid zones, fall into this group. By the drying of the 
surface soil, the deeper ground waters ascend by capillarity. Some 
lateral seepage occurs, but an active upward movement takes place. 
The more soluble minerals, saline and alkaline, reach the surface by 
“efflorescence” and are blown or washed away.” As the solutions of 


1 Pluvial climates are those of continuous precipitation or where precipitation is 
large but evaporation slight. 


2 Miller and Singewald (1919) place the sodium-nitrate deposits of the Pacific 
Coastal Plain of South America in this category, the extreme desert conditions per- 
mitting the accumulation of even such a soluble salt as the nitrate “‘caliche.” The 
writer is not prepared either to include or to exclude nitrate “caliche” in the caliche 
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the less soluble minerals, and particularly the colloids, rise through 
the ground (soil) they encounter chemical environments “rapidly 
altering in every respect.’’ While produced under conditions of com- 
plete saturation and of definite hydrogen-ion concentration they, ac- 
cording to Woolnough, are now commonly precipitated long before 
they reach the surface. 

During the next ensuing period of precipitation, according to 
Woolnough, the descending solutions are likely to be saturated and 
do a minimum of reworking. However, it is this minimum (if it truly 
be a minimum), the writer believes, which, given sufficient time, re- 
sults in the gradual lowering of the upper surface of caliche in the soil, 
probably greatly aided by erosion, even if very slow. 

Thus, from Woolnough’s viewpoint, the circulation of ground 
waters in areas of seasonal precipitation effects the downward move- 
ment of saturated solutions, their uprise accompanied by precipita- 
tion, notably of the colloids, and their partial downward reworking. 
Add to this conception the ultimate downward transfer of caliche by 
prolonged leaching and slow erosion during a geologic epoch, and 
the theory of soil-mineral deposition of caliche minerals into duri- 
crust strata seems to account for the observed phenomena. 

Evaporation would seem to be the controlling factor in the pre- 
cipitation of caliche, of whatever type or stage, since it produces the 
upward rise of the soil solutions during the dry seasons. Changes in 
temperature, pressure, gas content, and ionization probably all have 
a part in the process. The environment of the soil solutions has many 
variables and undergoes considerable cyclic change. 

Soil bacteria of the ¢thread-bacteria group are known to cause the 
precipitation of iron and manganese (Zapffe, 1931). Some bacteria 
are said to require calcium carbonate, but it is not known to the writer 
whether they assist in the deposition of calcareous caliche (Kindle, 
1923, p. 111, citing Kellerman, 1914 and 1915). Their effect may be 
indirect, through their alteration of the soil environment by their 
growth processes. 

The chief place of precipitation of caliche is the B zone of the soil, 
the A zone in some places being wanting or inconspicuous. The B 
zone constantly invades the C zone to the depth of ground-water ac- 
tivity. Some mineral deposition occurs in the C zone so long as the 
base of the B zone is above the water table. 

The direction of movement of the precipitating solutions is circu- 
latory, both up and down. The main body of the material may, if 


genus, here described, of minerals accumulated in soil by leaching in situ and redeposition 
in the lower parts of the same soil section. 
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Woolnough is correct, be originally deposited during the local rise of 
the solutions, but, aided by gradual erosion of the overlying soil, the 
deposits are forced deeper and deeper into it by downward leaching 
(re-solution) and re-deposition. Even in the semi-arid zone some of 
the mineral matter escapes laterally, as where stream systems are 
extending themselves headward into the caliche area, tapping more 
and more solution basins, as in the Reynosa Plateau. 


OPPOSING HYPOTHESES OF CALICHE ORIGIN 


During early periods of observation of caliche by geologists and 
chemists, several inadequate hypotheses were advanced, such as 
evaporation of water in inland lakes, or in river beds; evaporation of 
river distributary waters on alluvial fans and plains; algal deposition 
of tufa on the ground surface or in lakes and ponds. All such hypothe- 
ses overlook the widespread occurrence of caliche in continuous beds 
along former plain surfaces as well as the more irregular occurrences 
on younger erosion surfaces. The porous, leached, B zone of the soil 
has a vastly wider and more continuous distribution than any such 
local and limited basins, and so has caliche, which is characteristic 
of it. 

It is a matter of observation that calcium carbonate from these 
sources is locally reworked and the solutions added, in part, to ground 
waters. It is also evident that some surface waters bearing carbonates 
from distant sources may enter the soil in time of flood, especially 
on undissected plains, and add their carbonates to those leached in 
situ. The writer does not think that such extraneous sources are at 
all needed to explain the regular and widespread formation of caliche. 
Where they are present in large amount, they tend to develop cal- 
careous caliche regardless of the lime content of the parent soil ma- 
terial. This problem is not solved conclusively in Texas, since the 
Cretaceous and Tertiary beds are predominantly calcareous. 

When we consider the explanation of caliche as formed from 
ground waters derived from distant sources, it becomes difficult to 
refute the suggestion because of the lack of direct observations on the 
underground circulation of ground waters in South Texas. The writer 
feels that such sources are not needed to supply the calcium carbonate 
deposited as caliche in North America. Locally, as described by 
Blake (1902) in southern Arizona, in intermontane basins or on al- 
luvial plains of coarse materials leading out from mountains or high 
plateaus from which dominantly calcareous waters may descend with 
high gradients and spread to great distances, there could be such an 
extraneous subsurface supply of water and mineral matter in solu- 
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tion for the formation of caliche. Even in such a postulated situation, 
it appears to the writer that the burden of proof may be placed upon 
the proponents of such a theory to show that the ordinary process of 
soil-lime deposition is not occurring, that the surface soil is not, as it 
is on the Reynosa Plateau,and over mature caliche in Hidalgo County, 
Texas, thoroughly leached of its carbonates, and that the original 
parent soil material did not contain enough calcium carbonate to 
permit the concentration of several feet of caliche. Examination of soil 
profiles would show whether the normal zones were present with evi- 
dence of downward movement and concentration of caliche. 

In the case of nitrate caliche, as advocated by Miller and Singe- 
wald (1919), the extremely soluble nature of the material, its very 
small concentration in the local sediments and ground water, and the 
laterally limited deposits (on low slopes around saline playas) require 
the evaporation of large quantities of ground water, through local, 
natural evaporating pans, most of which water (they think) must 
come from distant sources. The extreme desert conditions promote 
great evaporation of in-flowing waters. The structure of the coastal 
alluvial plain is said to permit such a large flow of ground water from 
the distant cordillera. But, in the Reynosa Plateau, and generally over 
the Great Plains, it is doubtful whether adequate avenues for circula- 
tion from one porous bed to another, in vertical section, exist. Tight 
Lagarto clays and Lower Reynosa clays underlie much of the Reynosa 
caliche and prevent or very greatly restrict migration of waters across 
bedding planes (Sayre, 1933, p. 3). Horizontal growth of caliche in a 
basal conglomerate would not seem a practicable method of growth 
because the caliche first formed would cut off the ready circulation of 
water to distant sources. Moreover, mature caliche occurs in tight 
clays, but with plainly visible decrease in concentration downward, 
not laterally. 

Deep-seated calcium waters coming to the surface on fissures 
have, it is believed, formed mineral veins of aragonite which has then 
been altered to pseudomorphous calcite, which has, in some cases, 
become altered to the non-crystalline caliche. In such cases (Cuyler, 
1930), pure, spongy, calcareous caliche has been formed along fissures 
and faults where calcium waters issued. This caliche is not typical, 
because it does not contain soil materials or gravel. It has been de- 
scribed as tufa (Price and Palmer, 1928). Outside the caliche area, 
lines of the tufaceous caliche marking faults or fissures are conspicu- 
ous in certain areas. 

A source for caliche from “white alkali” (calcium carbonate) and 
“black alkali” (bicarbonate) is not believed to be plausible because 
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of the irregular occurrence and exposed position of the material. 
These ‘“‘alkali” crusts are merely one phase of the circulation of car- 
bonates in the ground described by Woolnough. As in the case of 
nitrate caliche, the ‘‘alkali” crusts occupy limited areas in low topo- 
graphic positions or somewhat more extensive areas where the soil, 
in an arid area, is locally saturated for long periods, as in situations 
immediately adjacent to temporary or permanent bodies of water. A 
part of this ‘‘alkali” re-enters the soil during periods of fluctuating 
humidity and dew formation. Some may, in this way, finally join the 
caliche. 


CLIMATIC DISTRIBUTION OF CALICHE IN SOUTH TEXAS 


The map (Fig. 1) shows the climatic zones in South Texas as de- 
lineated by the new classification of Thornthwaite (1931). Former 
classifications have followed rainfall zones. The boundary between 
the lime-accumulating and non-lime-accumulating soils in the United 
States (Carter, 1931, p. 18, Fig. 7) follows more closely the line divid- 
ing the sub-humid zone of Thornthwaite into moisture-deficient and 
moisture-abundant sub-zones than it does the limits of any rainfall 
zone. Likewise, this line dividing the sub-humid zone into dry and 
wet halves marks the eastern boundary of mature caliche in South 
Texas more accurately than does the eastern boundary of the zone of 
30 inches of annual rainfall (Williams and Lowry, 1929, p. 9, Pl. 2). 

Thornthwaite’s classification is a quantitative one, combining 
precipitation and evaporation so as to give expression to the efficiency 
and effectiveness of the rainfall in entering the ground and affecting 
plant growth. It forms a basis for more accurately classifying the 
soils, the vegetative formations, and those physiographic forms de- 
pendent upon climate than do the older classifications by rainfall or 
other single climatic factors.! The accompanying chart (Fig. 5) shows 
the severity of the aridity of South Texas as revealed by the great 
decrease there in stream run-off per square mile of drainage area. 

North and east of the line dividing the sub-humid zone into two 
approximately equal parts, only the younger, nodular or uncon- 
solidated forms of calcareous caliche are present. These occur in the 
Beaumont soils as far east as Harris County and probably still farther 
east in the humid zone. 


VARIATIONS IN CALICHE WITH TEXTURE OF SOIL 


It has been noted by the writer, by soil surveyors (Carter and 
others, 1931) and reported by a number of geologists that, along the 


1 The writer is discussing phases of this topic more fully in a manuscript now in 
preparation for publication elsewhere. 
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eastern boundary of the mature caliche in South Texas, both in the 
Reynosa Caliche and in Recent caliche (Hawker, 1927), the mature 
stage is reached closer to the coast, or to the overflow area of the Rio 
Grande delta, in the case of the Recent caliche, and extends farther 
into the wet half of the sub-humid zone in the Reynosa caliche, when 
developed in gravel or conglomeratic sandstone at shallow depth than 
when developed in clays. 

An open, porous sandy soil is reported by Hawker (1927) to favor 
the deep development of nodular caliche in soil not yet sufficiently ad- 
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vanced in its developmental history to contain caliche of the type 
called mature by the writer. 

Caliche of a young stage is forming more abundantly in the soils of 
the Lomalta group in old lake or lagoon beds between Matagorda and 
Baffin bays (Ingleside Terrace) than in adjacent soils. The same 
seems, from the county soil reports, to be true for all low basins, 
including ox-bow lakes, as far south as Cameron County. The old 
lakes or lagoons, elsewhere called the Ingleside Terrace,’ formed an 
early Recent or late Pleistocene coastal basin, probably for a time en- 
closed. The flat, poorly drained surface of this terrace (10-20 feet 


1 In a forthcoming paper. 
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above sea) has a very calcareous soil. A great development of nodules 
of caliche was noted occurring for several feet below surface along 
drainage ditches and road ditches in this area. The caliche antedated 
the ditches. This caliche, now in the young type, receives much lime 
in solution from surface waters draining into the basins of the terrace. 

Thus, favorable texture and composition of the soil, and local 
topographic irregularities, may cause the stage of caliche develop- 
ment to be locally advanced. 


CALICHE AS CRITERION OF UNCONFORMITIES 


It has been pointed out that the duricrust, or a layer of caliche of 
any type, is distinctive of peneplanation or of the weathering of young 
coastal plains or alluvial plains of other types. In the coastal plain 
of South Texas, we have an instructive suite of occurrences of caliche 
in its several growth stages. In the gulfward edge of the Beaumont 
soils we have young caliche. The inner part contains a few isolated 
lenses of mature caliche of less induration than that of the Reynosa. 
The Lissie also contains caliche, more widespread than in the Beau- 
mont, but generally under cover. The Reynosa contains caliche as 
much as 20 feet thick in single beds, and a 50-foot to 85-foot section 
eroded into a mature knoll-and-basin topography. This caliche is 
probably of early Pleistocene age, if not late Pliocene. 

Caliche found in the stratified column would represent former 
emergence and the stage, thickness, induration, and topography of the 
bed would indicate the relative length of the emergence. The de- 
velopment of a mature karst topography, in which the basins com- 
monly penetrate the full section of the caliche, would indicate emer- 
gence, solution, and probably erosion. 

Caliche logged at 35-100 feet below surface in the Saxet oil and 
gas field of Nueces County on the Beaumont outcrop may be a Lissie 
or Lower Beaumont caliche. It may represent a former emergence of 
the structural nose above the water level of its day and its later preser- 
vation as an erosion remnant, as its relief seems to be greater than we 
would expect in the folding on the nose at this depth.’ A similar occur- 
rence of caliche is noted on the Agua Dulce domal fold, which is at 
the Lissie-Beaumont contact, in the first 50-100 feet, and a bed crops 
out in the Kingsville gas field, located on the Beaumont outcrop. 

The use of the several caliches as indicators of unconformities 
presupposes ability to identify them as caliches. Much more informa- 
tion on their occurrence and lithologic characters needs to be com- 


1 Data scarce and not accurate. Relief on caliche reported to be as much as 65 feet. 
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piled before they can be so used, except under favorable circum- 
stances. The recognition of caliches from isolated cores of buried beds 
will be especially difficult. 


AGE RELATIONS OF REYNOSA 


Little can be contributed to this question at this time. Baker 
(1928) and others point out that the change from fine to coarse sedi- 
ments occurring at the base of the Lissie or in the Reynosa may mark 
the rejuvenation of streams following the beginning of the first marked 
uplift of the Edwards Plateau, Cretaceous. This change, in the light 
of the small amount of information in hand, seems to have occurred 
with the deposition of the gravels of the Upper Reynosa.! The suc- 
cession of caliches believed to occur in this division indicates either 
(1) progressive up-building of an alluvial plain, (2) intermittent crust- 
al movement, (3) fluctuation of sea-level by glacial control as ice 
sheets formed and melted in the north, (4) a succession of alternations 
from dry to wet climates, or (5) a combination of these events. In any 
case, each caliche bed was formed in a time of semi-arid climate. 

For the beginning of the period or periods of semi-arid climate in 
South Texas, we might look to the early part of the Glacial period of 
the Pleistocene, as most like that of to-day. 

Collections of vertebrate bones from various localities in the 
Reynosa are reported, with determinations of the supposed Pliocene 
or Pleistocene age of the bones. None of these cases is substantiated by 
description of the material or its matrix. All collections so reported 
are from the ground surface or from gravel beds. Although some of 
the bones are said not to have shown evidences of attrition, the pos- 
sibility of their occurrence in soil formed from the outcrop of beds 
older than Reynosa is not eliminated except in the collection from 
Guadalupe River made by Howeth from the Lower Reynosa. 

These vertebrate fossils collected by Howeth and transmitted to 
J. W. Gidley, through H. A. Noble and J. C. Meyers of the Shell 
Petroleum Company of Houston, were reported by W. B. Marshall 
(1929, p. 1) as fossil teeth of extinct horses and rhinoceri of probable 
Pliocene age. Chester Stock has confirmed these identifications in a 
letter to Howeth. Howeth and Noble report these teeth as being from 
the outcrop of the Reynosa along Guadalupe River in De Witt 
County. These observers think the material was from an underlying 
source beneath the caliche in the [Lower] Reynosa, although it was 
not found in place. 


1 Gravels in the Lower Reynosa of eastern Duval and Jim Wells counties seem to 
be chiefly locally derived pisolites, except in alluvial fans and valleys of ancient master 
streams heading in and west of (?) the Edwards Plateau. 


i 


REYNOSA PROBLEM AND ORIGIN OF CALICHE 517 


The collection of Howeth suggests that the Lower Reynosa may 
be Pliocene. 

The appearance in the Upper Reynosa of coarse gravels derived 
from the Edwards Plateau and from mountains west of the Edwards 
(Dumble, 1892, p. 11), suggests that it is lowest Pleistocene. We need 
careful descriptions of the conglomeratic content of the Lagarto, 
Lower and Upper Reynosa, and Lissie in order to place the point of 
most marked contrast in coarseness of sediments, although it probably 
came with the base of the Upper Reynosa. 

It should be pointed out that, where a single caliche bed of the 
Upper or up-stream Reynosa lies on beds older than Lower Reynosa 
the caliche itself is later than any material on which it is found and 
which it encloses, and younger than the land surface on which it lies. 
Vertebrate bones found ‘“‘in the caliche”’ in such a situation may be 
(1) of the age of the sedimentary formations on which the land sur- 
face was developed, or (2) of the age of alluvium spread on that land 
surface, or (3) possibly later than the enclosing alluvium, if the lat- 
ter was reworked during the development of the caliche, or (4) older 
than the caliche, unless in alluvial deposits of streams which have 
trenched the caliche, or enclosed in surface (colluvial) soils in solution 
basins developed in it. 

The caliche of the Reynosa Plateau has suffered weathering and 
erosion since the deposition of the Beaumont and parts of the Lissie. 
It now shows a fairly mature karst topography (Swinnerton, 1932, p. 
688, quoting Krebs, 1929, pp. 93-94). The full development of the 
caliche was probably attained before Recent time. 


ROLE OF CALICHE IN WEATHERING, EROSION, AND 
STRATIGRAPHIC INTERPRETATION 


It has previously been pointed out (Price, 1925) that caliche pro- 
tects outcrops from erosion, obscures the local geology and, locally, 
may cause disruption of beds by penetration of joint planes and in- 
crease in thickness of impregnated shales. 

It should be noted that, in South Texas, there is an example of the 
preservation of an old land surface as an extensive plateau, its scarp 
slowly receding seaward under the attack of the rivers from the 
interior. Outliers of the Reynosa indicate this history, whether or not 
crustal warping was involved to explain the low elevation of these 
up-dip outliers. This topic will be more fully pursued in a forthcoming 
paper. 

It should also be noted that the presence of widespread caliche 
occurrences introduces great difficulties in the interpretation of the 
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stratigraphy, both for the novice in the interpretation and recognition 
of caliche, and for geologists thoroughly familiar with the problems 
involved. It not only hides the underlying formations, and falsely 
gives them the appearance of having a high calcium-carbonate con- 
tent, but it appears to introduce into the section of the underlying 
formations beds of limestone and conglomerate which actually are 
superficial in position and may thus cause a miscalculation of their 
thickness. 

Study of caliche as a soil phenomenon has shown that soil proces- 
ses reach depths of as much as 40 feet in the South Texas Coastal 
Plain. Hence, nearly all exposures of unconsolidated sands and clays 
have been modified by soil processes with the production of new types 
of materials horizontally arranged. 

The presence of caliche beds also interferes with the proper use of 
gravity and elastic-wave surveys, necessitating the boring of holes 
through it for the explosion of dynamite and the use of seismograph 
recorders suitable for lowering into a hole to a point below the caliche 
bed in order to get the clearest results. The use of the torsion balance 
on a karst plateau with irregularly distributed gravel inclusions in the 
limestone would seem pointless. At an early stage in oil finding in this 
area, the palanganas (basins) of the karst were thought to be salt- 
dome depression or solution basins because of a single example known 
in the area. It is, however, considered probable that, as in the case of 
the large basin with surrounding high, ridge-like knolls over the 
Palangana salt dome, diastrophic basins, or depressed areas over dis- 
solving salt masses, may be reflected in the size, shape, and location 
of the karst basins (Swinnerton, 1932, p. 688). Much remains to be 
discovered on this, as well as many other topics connected with the 
Reynosa and its caliche. 


SUMMARY 


Calcareous caliche is an accumulation in situ of impure soil lime 
at the base of a leached top-soil zone, passing through age stages from 
the grains, flakes, and aggregations of youth to continuous, but un- 
indurated beds of porous, earthy calcium carbonate in the mature 
stage, and represented in old age by indurated limestone. In the cal- 
careous caliches, old age is reached only in desert areas or in some 
situations in high mountains of semi-arid areas. Maturity is reached 
only in semi-arid or arid areas, and youth is the sole stage of the drier 
marginal areas of the sub-humid or humid zones. Textural variations 
of the soil or outcrop also help to determine the stage of advance of 
caliche development, the process going on most rapidly in porous 
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beds, except where these permit exit of the solutions laterally or down- 
ward into underlying strata. 

Solutions of minerals leached from the soil descend to low soil 
levels in cool rainy periods, but ascend by capillarity in dry periods. 
Evaporation in the soil deposits the minerals. Gradual leaching lowers 
the zone of accumulation; erosion lowers the top of the soil. Sinking 
of the water table with progressive entrenchment of streams aids 
descent of leaching and accumulation of thick caliches. Multiple beds 
have been formed by deep alluviation of the plain and several periods 
of non-deposition with soil production. 

Lime-accumulating soils are restricted to semi-arid areas or to 
areas once semi-arid in climate, or to marginal drier areas of the humid 
zones, using the Thornthwaite classification of climate. 

Caliche is here used as a generic term for all types of soil-mineral 
accumulations, including ferruginous, siliceous, aluminous (and nitrog- 
enous?) varieties, and the glazes of manganese and vitreous or opaline 
silica. Caliches of the less soluble minerals, as silica, iron oxides, and 
alumina, are typical of humid areas where the carbonates pass off in 
surface waters and ground waters without accumulation, but may 
occur in semi-arid and arid areas where drainage is exceptionally 
good and the carbonate caliche has been previously removed, or car- 
ried deeply in a leached section. 

Calcareous caliche occurs abundantly in Texas in the semi-arid 
zone, particularly conspicuously in the Reynosa Plateau (or Cuesta). 
Siliceous caliche occurs along the Bordas scarp, the east face of the 
plateau, where calcareous caliche has been largely leached out of Oak- 
ville and other sandstones. Siliceous and aluminous caliche occur in 
karst basins of the Edwards Plateau in Real County. Ferruginous and 
siliceous caliche occurs in East Texas in the humid and wet half of 
the sub-humid zones. All these types are reported on the Miocene 
peneplain of Australia, showing a climatic zonation. 

To explain the “chalcedony knobs” of the Reynosa Plateau, it is 
suggested that numerous veins of aragonite were formed in fissures 
or faults, quickly altered to pseudomorphous calcite, and these, in 
the zone of the caliche beds of old land surfaces in the Upper Reynosa, 
were replaced by silica to form chalcedony and opal in contact with 
siliceous country-rocks or where ascending siliceous solutions derived 
from the buried ash beds replaced carbonates. The “knobs” are 
erosion remnants of the old plains, with later replacement of more 
primary vein matter below as erosion laid bare lower parts of the 
veins. They are, however, possibly original siliceous vein minerals. 

The Reynosa Plateau extends from Guadalupe River to a point 
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south of Rio Conchos in Mexico, being crossed by very few streams, 
including a few abandoned channels, as of the ancient Nueces, not 
yet mapped. Its surface is a mature karst topography of knolls and 
basins floored in the underlying sediments. A group of caliche beds 
with intercalated red and brown sands and loams and great inclusions 
of gravel, including materials from the Edwards Plateau and farther 
west, the Upper Reynosa, caps the plateau. The maximum thickness 
of this group is 85 feet. The Lower Reynosa underlies it unconforma- 
bly and contains gray sandstones, calcareous conglomerates, includ- 
ing tufa pisolites, lenses of dense, white pisolitic tufa with included 
land snails, and gray clay. The thickness was not determined, but is 
not much greater than the Upper Reynosa. Former thicknesses of the 
Reynosa are believed greatly exaggerated. 

Lissie sands overlie Reynosa unconformably. Reynosa overlaps 
Lagarto, Oakville, Catahoula tuff, and Frio in the plateau, and all 
older Tertiary beds in its up-dip phase on outliers and high stream 
divides, extending into the Edwards Plateau Cretaceous. 

Caliche forming in Beaumont and Lissie is Recent to Pleistocene 
in age. Upper Reynosa caliche is early Pleistocene (pre-Lissie and 
Lissie time equivalents). Lower Reynosa has tufas, no caliche. Fossil 
horses in Lower Reynosa seem to indicate Pliocene age. Sudden ap- 
pearance of widespread coarse gravels from Edwards in Upper 
Reynosa and Lissie, after finer sediments and few gravels below, sug- 
gests that the base of the Pleistocene is the base of the Upper Reynosa. 
The climatic significance of the caliche suggests the beginning of the 
Pleistocene Glacial period marked approximately by the lowest 
caliche bed. 

Caliche is a protective agent in weathering and erosion, holding 
up plateaus and preventing erosion of outcrops. It blankets over- 
lapped strata, confuses stratigraphy, and retards geophysical pros- 
pecting. 
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STRATIGRAPHY OF OAKVILLE, LAGARTO, AND 
REYNOSA FORMATIONS BETWEEN NUECES 
AND GUADALUPE RIVERS, TEXAS! 


E. L. JOHNSON? 
Fort Worth, Texas 


ABSTRACT 

The lithology and succession of the component beds of the formations are described 
and the topographic expression of prominent members noted. Localities where in- 
dividual members and contacts are typically exposed are mentioned. 

The gravels and conglomerates of the several formations and zones are described. 
A caliche mantle is present, being thickest southwest of the town of Goliad. Chalcedony, 
forming knobs in the Lagarto outcrop area, is believed to have had its source in the 
Catahoula tuff. Chalcedony may have formed where underground water moved up 
fault planes to the surface, but it is not believed to indicate favorable structure for oil 
and gas production. 


OAKVILLE FORMATION 


The upper part of the tuff phase of the Catahoula formation is 
green, ashy clay, above which is the chocolate-colored clay of the 
Oakville formation. 

Directly over the chocolate-colored clay is the lowest sandstone 
member of the Oakville, which, in places, is represented by a promi- 
nent sandstone escarpment and, in other places, by a sand ridge 
along which is rarely found an outcrop of sandstone. This sandstone 
in northwestern Bee County is coarse-grained and brownish in color. 
A type locality for this outcrop is under the bridge over Sulphur 
Creek north of Pawnee in Bee. County. 

Overlying the lowest Oakville sand member is another chocolate- 
colored clay body which, in places, carries an abundance of selenite. 
Locally, near the top, this clay is stained yellow, no doubt from the 
iron content of the second sandstone member, which it directly under- 
lies. 

This second Oakville sandstone member forms, in northwestern 
Bee County, a very prominent escarpment, a type locality of which 
is 23 miles east of Pawnee. The sandstone in this locality has an 
approximate thickness of 20 feet, is brown to yellow in color and is 
more finely grained than the lowest sandstone member already dis- 
cussed. 

? Read before the San Antonio Section of the Association at the Corpus Christi 
meeting, February 27, 1932. Manuscript received, July 22, 1932. 

2 Geologist with David Donoghue, Receiver, Fort Worth National Bank Building. 
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This member is again prominently exposed east of Karnes City 
in Karnes County along the west bank of San Antonio River, where it 
attains a thickness of approximately 40 feet in a nearly vertical cliff. 

Overlying this second Oakville sand member is another clay 
strikingly similar to the clay member that overlies the lowest sand- 
stone. There are, thus, in the lower Oakville formation, two somewhat 
similar sand members, each overlain by a chocolate-colored to yellow 
clay, each body forming a mappable unit across Bee and Karnes 
counties. 

LAGARTO FORMATION 


Near the top of the Oakville formation is a sand member overlain 
by a yellow clay that grades into the green to pink clays of the Lagarto 
that are, in turn, in Bee and Karnes counties overlain by another 
sand body. 

Throughout the Lagarto formation are found outcrops of sand- 
stone, some of which, particularly the pink, fine-grained, thin-bedded 
type, can be grouped in a zone with the deep red clays and the red 
and green mottled clays. 

Over this zone is another of lighter-colored, orange, pink, and gray 
clays containing no bedded sandstone. A type locality of the contact 
between the previously described zones of the Lagarto is in Blanco 
Creek, the boundary line between Bee and Goliad counties, about one 
mile north of the highway between Berclair and Beeville and near the 
eastern boundary of the Juan Zavala Survey. 

Over the zone of orange, pink, and gray clays is a section contain- 
ing gray clay and gray sandstone. There are in this section no orange 
or pink clays. 


GRAY ZONE (SOMETIMES CALLED “‘GOLIAD SANDSTONE’’) 


The base of the gray zone is represented in the town of Goliad, 
Goliad County, by a coarse-grained, gray to white sandstone that, 
toward the southwest, is replaced to a great extent by gray clay. 
Strikingly similar outcrops of this coarse-grained sandstone are found 
throughout the Lagarto section. 

The conglomerates of this zone are of two varieties: those com- 
posed of sand and gravel and cemented with lime, and those com- 
posed of sand and hard caliche balls cemented with lime. On a casual 
examination the caliche balls resemble gravel. There is occasionally 
some gravel in the lime-ball variety of conglomerates and similarly an 
occasional mixture of lime balls in the gravel variety of conglomerates. 

An outcrop of the lime-ball conglomerate can be seen about 100 
feet north of the bridge over East Aransas Creek at the crossing of the 
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Beeville-Refugio road in the Edward Ryan Survey, 4 miles southeast 
of Beeville. 

Six miles southwest of Beeville, in the Samuel Allen Survey in 
West Aransas Creek, southeast of the highway extending a distance 
of 2 miles, are found outcrops of both the gravel and the lime-ball 
varieties of conglomerates characteristic of the gray zone. 

The conditions under which this gray zone was deposited were 
no doubt similar to those under which those beds which are defi- 
nitely known to be Lagarto was deposited. The gray zone is the last 
large, mappable unit beneath the Lissie Plains; it may properly be 
called the Reynosa formation. 

It is believed that the conditions prevailing during the deposition 
of the entire section from the base of the Oakville to the top of the 
Lagarto, and even of the gray zone just discussed were similar. 


CALICHE, GRAVEL, AND CONGLOMERATES 


Starting with the longitude of Goliad, Goliad County, and ex- 
tending southwestward, much of the Lagarto and a part of the Oak- 
ville formation are seen to be covered by a caliche mantle. This caliche 
should not be confused with the caliche found in the gray section. 
The caliche mantle thickens toward the southwest and is generally 
found on topographic “highs.” 

The longitude of the town of Goliad marks the line of demarcation 
between the caliche which thickens toward the southwest and the 
gravel which thickens toward the northeast. 

Conditions of aridity are believed to be responsible for the greater 
or less thickness of the caliche mantle. 

There are outcrops of conglomerates composed of loosely ce- 
mented sand and gravel occurring in the area occupied by the Lagarto 
formation. Such conglomerates are believed to be of post-Lagarto 
age and the composing material to be derived from washed materials 
of the Lagarto and older formations. 


CHALCEDONY 


In many places in the Lagarto formation are found chalcedony 
knobs. The writer knows of no place where chalcedony occurs be- 
neath the Catahoula tuff. It is thought that the acid tuff is the source 
material which is carried to the surface and deposited as chalcedony. 

In faulted areas, underground waters have more opportunity of 
percolating upwards than they have in unfaulted areas; hence it is 
possible that there may be a greater abundance of chalcedony in 
faulted areas than elsewhere. The occurrence of chalcedony does not 
designate structure favorable for oil and gas production. 
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DETAILED STUDY OF SOME BEDS, COMMONLY 
KNOWN AS CATAHOULA FORMATION, IN 
FAYETTE COUNTY, TEXAS, WITH PAR- 
TICULAR REFERENCE TO THEIR AGE! 


LESLIE BOWLING? and ARNO P. WENDLER® 
Austin, Texas 


ABSTRACT 


The nomenclature, briefly reviewed, correlates the so-called Catahoula of Fayette 
County, Texas, with the Catahoula of Louisiana and Mississippi. The so-called Cata- 
houla formation in Fayette County is a distinct lithologic unit with no surface evidence 
of a break between the upper and lower beds. The lower 30 feet, more or less, are 
assigned to the upper Jackson or Eocene on the basis of recent fossil evidence. The re- 
mainder of the unit is tentatively assigned to the Oligocene or Miocene, or both. No 
distinguishing suites of heavy minerals or other criteria were determined from the 
petrographic study, that offer any basis for division. 


INTRODUCTION 


The field work was done in detail in 1929 by H. A. Noble and 


Leslie Bowling. This work was expanded in 1931 by Leslie Bowling 
and A. P. Wendler. Wendler made the petrographic study of the so- 
called Catahoula and the basal superjacent and the upper subjacent 
formations. 


ACKNOWLEDGMENTS 


Leslie Bowling wishes to express his high esteem of the work of 
H. A. Noble of Houston, Texas, and to thank him for his aid and 
criticism. He also wishes to thank A. P. Wendler for his aid, F. B. 
Plummer of the Bureau of Economic Geology of the University of 
Texas and F. L. Whitney of the University of Texas, respectively, 
for their aid and many suggestions, and Julia Gardner of the United 
States Geological Survey for the determination of fossils and the aid 
that she has given. 

A. P. Wendler is indebted to F. M. Bullard of the University of 
Texas for suggesting a petrographical study of the Catahoula forma- 
tion and for the subsequent aid that he has given regarding the work. 
He also wishes to thank Leslie Bowling for his aid and many sugges- 


1 Manuscript received, January 20, 1933. 
2 717 Patterson Avenue. 


3 University Station, Box 1614. 


526 


STUDY OF CATAHOULA FORMATION 527 


tions, R. D. Woods for acquainting the writer with the different 
phases of technique, and F. W. Rolshausen of the Humble Oil and 
Refining Company of Houston, Texas, and J. Garst of the Con- 
tinental Oil Company of Mexico for furnishing well samples of the 
Catahoula formation from Austin County, Texas, and northern 
Mexico, respectively. 


PURPOSE 


The age of the Catahoula formation is a question that has long 
been in contention. It is asserted by some to be Miocene, others con- 
tend that it is Oligocene, and others believe it to be of Jackson age. 
This study was made with the hope of disclosing more concrete evi- 
dence regarding its age. The petrographic study was made to ascertain 
the nature of the deposits and to determine any classification that 
could be made on the basis of mineral content or association. 


LOCATION 


Fayette County is located in the south-central part of the state, in 
the north-central part of the geographical province known as the 
Gulf Coastal Plain. 


TOPOGRAPHY 
RELIEF 


The region under consideration is included in the Texas portion 
of the Gulf Coastal Plain physiographic and geographic province of 
the United States. It shows the effects of differential erosion due to 
the difference in the lithological character of the formations, and the 
result is a very broad, gently rolling prairie, the Washington Prairie,’ 
supported by the Oakville formation, whose northwestern boundary 
is delimited by a very prominent and persistent escarpment, known 
as the Oakville escarpment, that rises from 50 to 100 feet above the 
Wellborn Plain® to the northwest. The soils of the Washington Prairie 
are mostly black and waxy except in localities where sandstones in 
the section crop out and the sandy areas thus formed support ‘‘mot- 
tes”’ of live oak trees that dot the prairie. The whole of this prairie is 
under cultivation. The Wellborn Plain, northwest of the Washington 
Prairie, is formed by the outcrops of the Catahoula and Fayette 
formations. It is a flat sandy plain with low ridges trending parallel 
with the strikes that are formed by the outcrops of the more indurated 


1 Alexander Deussen, ‘‘Geology of the Coastal Plain of Texas West of Brazos 
River,” U. S. Geol. Survey Prof. Paper 126 (1924), p. 9. 
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beds. The whole of the area supports a post-oak forest and is mostly 
suitable for pasturage. 


DRAINAGE 


Colorado River, the principal drainage system of the area, flows 
in a southeasterly direction through the center of the county and dis- 
sects the Gakville escarpment at the town of La Grange. Cummin’s 
Creek, which drains the northeastern part of the county, flows south, 
crosses the Oakville escarpment at Round Top, and empties into Colo- 
rado River south of Fayette County. The western part of the county 
is drained by Buckner Creek, which flows southeast until it strikes 
the Oakville escarpment, whence it is deflected northeast to empty 
into Colorado River near La Grange. The area south of the Oakville 
escarpment is drained by intermittent streams that have their head- 
waters at the escarpment and flow south and east to empty into 
Colorado and Navidad rivers. 


DESCRIPTIVE GEOLOGY 
STRATIGRAPHY 


The formations under consideration are included in the Eocene, 
possibly Oligocene, and Miocene. They are the Fayette formation of 
the Jackson group, the lower part of the so-called Catahoula forma- 
tion of the upper Jackson group of Eocene age, the upper part of the 
so-called Catahoula formation of Oligocene or Miocene age, or both, 
and the Oakville formation of Miocene age. 

Fayette formation.—The Fayette formation, of Eocene age, over- 
lies the Cockfield and is overlain by the Catahoula formation. There 
is some evidence that there is an unconformity between the Fayette 
and the Catahoula formations, as follows. 1. The Catahoula forma- 
tion, in the southwestern part of the county, rests on the sandy, 
laminated, nonlignitiferous, middle part of the Fayette formation. 
In the northwestern part of the county the Catahoula rests on the 
more unconsolidated, sandy, lignitiferous part of the upper Fayette 
formation. 2. The lenticular basal quartzose sandstones (discussed 
later) of the Catahoula formation seem to have been laid down in 
old stream channels on the old Fayette land surface. 

The Fayette formation is chiefly unconsolidated brown, gray, and 
white laminated or cross-bedded sands having thin sheets of iron 
oxide along the bedding planes, thin laminated iron-stained sands, 
hard medium-grained quartzose sandstones, chocolate and red sandy 
shales, and lignites. Ash beds of a dirty gray, muddy appearance are 
found in the section associated with other volcanic material in the 
form of volcanic glass and bentonites. 
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Oakville formation.—The Oakville formation, of Miocene age, lies 
unconformably over the Catahoula formation. Evidence of this un- 
conformity is as follows. 1. Contours drawn on the basal ash bed of 
the Catahoula formation run obliquely to the strike instead of parallel 
to it. 2. An ash bed is exposed by the receding overlap of the Oakville 
formation in the upper Catahoula section in northeastern Fayette 
County. 3. There is a small outlier of Oakville sandstone at Mecklen- 
burg School in the northeastern part of the county that is the southern 
end of a disconnected string of these outliers that parallel the Oak- 
ville escarpment and lie about 3} mile from it (Fig. 4). The outliers 
are a depositional feature laid down in low areas on the old Catahoula 
land surface and left as outliers when the Oakville escarpment weath- 


ered back. 
TABLE I 


GENERALIZED SECTION OF TERTIARY OF SOUTH-CENTRAL TEXAS SHOWING POSITION OF 
So-CALLED CATAHOULA FORMATION 


Recent Recent 


ATERN: 
Pleistocene Beaumont clay 


Lissie gravel 


Unconformity 
Goliad (Reynosa) 
Pliocene Unconformity 
Lagarto 


Miocene Oakville 
Unconformity 
CENOZOIC 


Miocene or 
Oligocene, or Catahoula (remainder of section) 
both 
TERTIARY 


Catahoula (lower 30 feet) 
Fayette 

Yegua (Cockfield) 

Cook Mountain 

Mount Selman 
Unconformity 

Carrizo sand 
Unconformity 

Wilcox (Indio) 

Midway 


MESOZOIC CRETACEOUS 


The Oakville formation is made up of alternating beds of brown or 
gray calcareous sticky clays and massive to laminated cross-bedded 
sandstones. The sandstones are brown or gray, and range from 1 to 
30 feet in thickness. They contain numerous reworked Cretaceous 
fossils and in places occur as a shell breccia or coquina. Gryphaea 


530 LESLIE BOWLING AND ARNO P. WENDLER 


aucella, Exogyra laeviuscula, and Inoceramus plates have been recog- 
nized and the first two mentioned are associated with Austin chalk of 
the Upper Cretaceous.’ 

Catahoula formation.—Carroll E. Cook* traces the history of the 
nomenclature of the Catahoula formation, as follows. 


In 1857 Wailes noted the sandstones above the Vicksburg group and 
named them the Grand Gulf from the town of Grand Gulf, Mississippi. 

In 1860 Hilgard found them in southern Mississippi and by 1868 had 
traced them across Louisiana and eastern Texas. 

In a later paper Deussen further states: 

“Hilgard, in 1871, extended these Grand Gulf sandstones into southwest 
Texas where, on the map, the area shown in Texas included strata now re- 
ferred to the Yegua, Jackson, Fayette, Catahoula, Frio, Oakville, Lapara, 
and Lagarto formations.” 

In 1884, Loughridge described virtually the same rocks as the Grand Gulf 
of Texas. 

Extension of the Grand Gulf beds into Texas as mapped by Hilgard and 
Loughridge were described later by Penrose in 1890, as the Fayette group. 
In 1892, Dumble separated the Yegua from this group. Kennedy, working 
under the direction of Dumble, described the Corrigan sandstone near Cor- 
rigan in 1892, regarding it as Fayette, following Penrose. Dumble, in 1894, 
separated the Oakville from the Fayette group, thus leaving only beds now 
referred to the Fayette, Jackson, Catahoula, and Frio. 

Veatch in 1902 proposed the name Grand Gulf for the Jackson strata of 
East Texas and the associated sandstones, remarking: 

“‘Considering the evidence at hand, there seems to be no good reason for 
regarding the Grand Gulf sandstone of Texas as different from the Grand 
Gulf sandstone of Louisiana and Mississippi.” 

. .. Veatch in 1906 first proposed the name Catahoula as a name for the 
upper sandstone member of Hilgard’s Grand Gulf group with this explana- 
tion: 

“Overlying the fossiliferous Vicksburg clays and limestones is a series of 
sandstones and greenish clays which are generally quite different, lithologi- 
cally, from any of the older beds of the Tertiary series in Louisiana and 
Arkansas. 

“Tn view of this confusion and in order to furnish a name not likely to be 
misunderstood, the name Catahoula formation is used in this paper as a 
synonym for the typical ‘Grand Gulf’ or the Grand Gulf proper.” 

The Catahoula was regarded by Veatch as being of the same age as the 
Chattahoochee group of Oligocene age and to be the equivalent to Dumble’s 
Oakville in southwest Texas. 

Deussen, in 1914, regarded the Catahoula as Jackson in age in the Brazos 
River region, Vicksburg age in East Texas, and Chattahoochee age in 
Mississippi. 


1 Identified by R. H. Cuyler, University of Texas. 


_ * Carroll E. Cook, “Areal Geology of the Catahoula formation in Gonzales and 
Karnes Counties, Texas, with Notes on Outcrops in Adjacent Counties,” Thesis, Univ. 
of Texas (1932). 
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..- Kennedy, in 1892, at the same time he named the Wellborn beds, 
called attention to the very conspicuous, thick sandstone at Corrigan. He 
referred to it as the Corrigan sandstone member of Penrose’s Fayette beds. 

In describing more fully the stratigraphic position of this sandstone, 
Dumble wrote in 1915: 

“The top of the Jackson is placed where the chocolate laminated clays 
and carbonaceous sands give place to coarse rice sands or sandstones and 
yellowish-green structureless clays and claystones. 

“The name Catahoula has been proposed by Veatch for the sands over- 
lying the Jackson and underlying the Fleming, but he limited its use to such as 
were of true Grand Gulf age. Deussen used the name in a much wider sense 
to include a large part of the Jackson as well. It is here proposed to use Ken- 
nedy’s older term Corrigan sands for the group of deposits lying between the 
known Jackson and the Fleming, which, while forming the only mappable 
unit, probably includes beds of a later age than the Catahoula of Veatch, 
which name should be retained for that portion of the Corrigan to which it 
strictly applies.” 

... In 1918 Dumble writes: 

“Overlying the beds to which the name Catahoula can apply, we find a 
series of transitional beds connecting the Catahoula and the Fleming, which 
cannot be well separated from it, and we will use Kennedy’s older name of 
Corrigan for the entire group of non-marine deposits which lie between the 
Jackson and the Fleming and together constitute our only mappable unit.” 

On the basis of priority, Corrigan antedated Veatch’s Catahoula by at 
least 14 years but the usage of the latter name by Veatch and Deussen has so 
fixed the Catahoula in the literature that the United States Geological Survey 
has regarded it as probably inexpedient to substitute the name Corrigan. 

. .. Deussen stated that the Catahoula was recognized as far southwest 
as Buckner Creek, five miles southwest of La Grange, Fayette County, 
Texas. 


In referring to the Catahoula, the writer follows Dumble, who 
uses the name Corrigan for those beds lying between the top of the 
Jackson and the base of the Fleming formations. 


The Catahoula formation outcrops in the Gulf Region as an east-west 
crescent, concave to the south and dissected in the middle by the Mississippi 
River. To the east, in Alabama, the sandstone grades into varicolored joint 
clays and near the Alabama-Florida line it passes beneath the Oak Grove 
sands, suggesting that it may be the age equivalent of the Chattahoochee. 
The westward extension of the series begins directly across the Mississippi 
Valley from Grand Gulf, Mississippi, in Catahoula Parish, Louisiana, and 
continues in a band 12 or more miles in width across Louisiana and into 
Texas to a point a few miles beyond the Colorado River." 


The area under consideration is centered in the Colorado River 


1 F. S. MacNeil, “A New Genus of Fresh-Water Mussel from the Catahoula Sand- 
stone of Texas,” read before the Association at the Oklahoma City meeting, March, 
1932. 
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region near the termination of the westward extension of the forma- 
tion in the Buckner Creek area as recognized by Deussen.' 

The so-called Catahoula formation exposed in Fayette County 
and under discussion is a distinct lithologic unit of bentonitic clays 
with several continuous beds of reworked volcanic ash with a lenticular 
bed of quartzose sandstone at its base. It lies unconformably between 
the laminated sands and lignites of the true Fayette formation and 
the brown, laminated sandstones and gray and brown clays of the 
Oakville formation. 

The section exposed consists of creamy white to light greenish 
yellow bentonitic clays that are locally dark sea-green and light 
chocolate in color. The clays are structureless, but fractured in some 
places and contain lime nodules that vary from the size of small 
marbles to those as large as the doubled fist. Several beds of a grayish 
white, case-hardened, ironstained, reworked volcanic ash that vary 
from pure ash to a white ashy sand are interpersed through the sec- 
tion. One of these beds is found from ro to 30 feet above the base of 
the formation and has been traced by the writer from Flatonia, Fay- 
ette County, to Trinity River, a distance of about 160 miles. A similar 
bed is found about 125 feet above the base of the formation in the 
northeastern part of the county, where it is exposed by the receding 
overlap of the Oakville formation. Ash horizons are found higher in 
the section farther east, where the recession of the Oakville overlap is 
more pronounced (Fig. 1). The ash beds are traceable as horizons, 
but not as continuous beds. 

Sandstones are found only at the base of the section at the contact 
with the Fayette formation. None was noted south of Colorado River. 
A thick quartzose sandstone is found at several localities on the north 
side of Colorado River, on the Wm. Voelkel Tract 2 miles northwest 
of the Shell Pumping Station, in Rocky Creek 1 mile south of Necha- 
nitz, and 2 miles east of Ledbetter. At all localities it is a coarse mas- 
sive, cross-bedded, quartzose sandstone that ranges from almost noth- 
ing to 20 feet in thickness. The writer includes this sandstone in the 
Catahoula formation, for it has been found to be interbedded with 
Catahoula material. The sandstones become more and more promi- 
nent toward the east, becoming a major part of the section in East 
Texas (Fig. 1). 

Only the basal 250 feet, more or less, of the formation is exposed 
in Fayette County, as the overlap of the Oakville formation has cut 
out the upper part of the section. The Catahoula outcrop occupies a 


_ 1? Alexander Deussen, “Geology of the Coastal Plain of Texas West of Brazos 
River,” U. S. Geol. Survey Prof. Paper 126 (1924), pp. 95-96. 
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strip that ranges from 0.3 mile wide in the southwestern corner of the 
county to 6 miles wide in the northeastern part of the county. The rate 
of dip is 30-40 feet per mile toward the southeast. 
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Fic. 1.—Detailed sections of so-called Catahoula formation in Fayette and Walker 
Counties, Texas. 


Sec. 1.—Section measured (plane table) 14 miles south of Flatonia, Fayette County, 
Texas. 


Sec. 2.—Section measured (plane table) 1 mile west of Waldeck, Fayette County, 
Texas. 


Sec. 3.—Section measured (altimeters) in western Walker County, Texas. 
Sec. 4.—Section measured (plane table) near Riverside, Walker County, Texas. 
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PALEONTOLOGY 


Faunal recoveries from the Catahoula formation have been very 
rare. Two distinct faunas were collected from this formation in Fay- 
ette County, one brackish water and the other marine. The brackish- 
water fauna was found in the summer of 1929 by Bowling and H. A. 
Noble on the Wm. Voelkel Tract in the James Green League 2 miles 
northwest of the Shell Pumping Station. The fossils occur in the top 
of the basal member of the formation which, at this locality, is a 
heavy, massive to cross-bedded, coarse-grained, quartzose sandstone 
15-20 feet thick. F. S. MacNeil,! of the United States Geological 
Survey, tentatively described a new genus and three new species,” 
as follows: Amblemoidea elaboratus MacNeil, n. sp., A. bowlingi Mac- 
Neil, n. sp., and A. catahoulensis MacNeil n. sp. 

The marine fauna was found in the fall of 1931 by the writers. 
The fossils have been collected at two localities—near the water tower 
in the town of Flatonia and on the Joe Rosenauer Tract on the Ben- 
jamin Green League 6 miles farther northeast. The fossils occur at 
both localities in the top of the lower ash member of the Catahoula. 
This member lies from ro to 20 feet above the base of the Catahoula 
and overlies the sandstone member previously described in which the 
brackish-water fauna is found. The ash bed varies from pure, dull 
gray, reworked volcanic ash, to white sandy ash. In localities where 
the ash is pure it weathers out in a distinct bed, checked in small 
blocks, case hardened, ironstained, and commonly supports a growth 
of lichens that are not found other than on the ash beds in the sec- 
tion. Above the ash bed is a section of typical Catahoula clays. The 
fossils are small and not well preserved. Several collections were made 
from the locality on the Joe Rosenauer Tract and on these collections 
Julia Gardner of the United States Geological Survey has made the 
following comments. 

The fauna is distinctly of Jackson aspect. Three collections were compared 
with every Vicksburg and other Oligocene and lower Miocene collections in 
the Museum, but there is nothing significant in common with any of them. 
The Catahoula faunas lack many of the typical Eocene species . . . but they 
do carry species and groups of species that have never been recognized in beds 
younger than the Jackson. 


Callocardia cf. discoidalis (Conrad) 


These specimens cannot be separated from the Jackson of Arkansas, Louisiana, 
and Alabama, although they are larger than the type which was described 
from the Claiborne of Alabama. 


' F. S. MacNeil, “A New Genus of Fresh-Water Mussel from the Catahoula Sand- 
stone of Texas,” read before the Association at the Oklahoma City meeting, March, 
1932. 

2 These are manuscript species. 
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Mazzalina oweni Dall 
This species is the strongest evidence in the fauna for the Eocene age. It is 
without reasonable doubt the species common at White Bluff, Jefferson 
County, Fla. and other Jackson localities in Arkansas and Louisiana. I do not 
know of anything in the post-Eocene deposits with which this form could be 
confused. 
Leda cf. mater Meyer 
This particular type of Leda . . . is characteristic of the Eocene. 
Turritella sp. 
The few scraps of Turritella are Eocene in aspect. 
Spisula? 
These are probably a new species of Spisula and are probably the same as an 
unnamed species from Rock Creek, 43 miles south of Smiley, Gonzales County, 
Texas. 
Venericardia sp. ind. (small) 
Nucula sp. ind. 
Venericardia sp. ind. (possibly of the V. planicosta group) 
Phacoides (Parvilucina) n. sp. 
Indeterminate lucinoids 
Indeterminate venerida 
Tellina n. sp. (very large) 
Tellina n. sp. (very small) 
Corbula (Corbula) sp. ind. 
Panope sp. cf. C. oblongata (Conrad) 
Terebra n. sp. 
Epitomium? sp. ind. 
Turritella arenicola branneri Harris 
Natica sp. ind. 
Age: upper Jackson 
The faunas most closely allied are those from the Jackson of Arkansas, from 
which Mazzalina oweni and Turritella branneri were described, and from the 
upper Jackson sandstone exposed near the Alta Vista ranch house on the 
Escobar Quadrangle in Starr County, Texas. A similar fauna also occurs in 
the upper part of the Jackson marine section in Mexico. 


AGE AND CORRELATION 


The so-called Catahoula formation is a distinct lithologic and map- 
pable unit and has been so considered by previous writers. It is dis- 
tinct in character from the contiguous formations. There is not the 
slightest evidence on the surface outcrop of the unit of any hiatus or 
break between the upper and lower beds. The fauna recently de- 
termined assigns the lower 30 feet, more or less, of these beds to the 
upper Jackson or Eocene. The remaining part of the section is tenta- 
tively assigned to the Oligocene, or Miocene, or both, though the 
writer is aware that the whole of this unit may be assigned to the 
Jackson on the basis of lithology. Marine Oligocene beds found in 
wells farther southeast and cropping out on the east are in the form 
of a wedge, the northern extremity of which lies southeast of the out- 
crop of the so-called Catahoula formation. The lower 30 feet of the 
so-called Catahoula formation in Fayette County is believed to be 


\ 


536 LESLIE BOWLING AND ARNO P. WENDLER 


the equivalent of the upper Frio formation of southwest Texas. A 
rather difficult problem is encountered in trying to correlate the re- 
mainder of the so-called Catahoula formation with the eastern ex- 
tension of the formation. It is evident that there is an error in nomen- 
clature or correlation and the writer feels incompetent to attempt a 
correlation at the present time. 


PETROGRAPHICAL DETERMINATIONS AND RESULTS 


LABORATORY PROCEDURE 


The specimens studied were outcrop samples of sands from the 
upper Jackson, Catahoula, and basal Oakville from Fayette County, 
Texas. In the samples selected, the range of texture and lithology 
were shown, each sample was studied thoroughly as to heavy mineral 
content, and tentatively as to texture, shape, and light mineral con- 
tent. The procedure was very similar to the various techniques de- 
scribed in the more recently published papers. Only brief mention, 
therefore, will be made of it. 

The texture was obtained by sieving the samples through screens 
of 40, 60, 80, and 180 meshes per inch. As a result, only four grade 
sizes are shown, with the exception of two Oakville samples in which 
some of the sand grains were retained on the 40-mesh screen. These, 
however, were included with the sievings that passed through the 
4o-mesh screen. The amount of each grade of a given sample was cal- 
culated as a percentage weight of the total sample and plotted on 
the graphs shown in Figure 2. 

The shapes of sand grains were superficially estimated by count- 
ing about 150 grains in each of the four sievings and then taking 
a percentage average of the total count of each of the four shape 
criteria given by Graham! in his recent paper on the Cambrian sand- 
stones of Minnesota. 

Bromoform was used in the separation of the heavy from the light 
minerals. Standard methods of separation were employed. The light 
minerals, with the exception of great amounts of glass in the upper 
Jackson (Fayette), were found to be very similar in all samples. A 
fairly comprehensive quantitative study, however, was made of the 
light minerals. The heavy minerals were studied as to their relative 
quantity in each sample. Quantitative expressions used are as follows: 
rare (1 to 10 per cent), common (10 to 20 per cent), and abundant 
(20 to 80 per cent). These estimates were obtained by counting 100 or 


1A. P. Graham, “A Textural and Petrographic Study of the Cambrian Sandstones 
of Minnesota,” Jour. Geol., Vol. 38 (1930), pp. 696-716. 
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more grains in each concentrate. The relative amount of the total 
heavy mineral concentrates was not taken, as total separations were 
practically impossible with the methods employed. 

The samples studied are numbered and presented in tabulated form 
in Figures 2 and 3. The respective localities in Fayette County, Texas, 
from which these samples were collected are designated on the accom- 
panying map by corresponding numbers. 


TEXTURE 


The results obtained from a textural study of sands from the basal 
Oakville, the Catahoula, and the upper Fayette in Fayette County, 
Texas, are shown in Figure 2. Each graph represents a sample of sand. 
The graphs are arranged according to the formational sequence of the 
section, reading from the bottom to the top as follows: upper Fayette, 
Catahoula, and Oakville. The outlines of the graphs show textural 
differences. The quantitative expression of these differences is shown 
in percentage amounts of the several sizes of grains screened.’ 

Sands of the upper Fayette are not particularly different, texturally, 
from those of the Catahoula.” The specimens of the Fayette collected 
immediately below the Catahoula-Fayette contact from a zone of 
laminated beds, apparently sands, in reality consist mostly of volcanic 
glass, much of which shows only small quantities of the characteristic 
light minerals. Only 5 of the 20 samples examined contained sufficient 
light minerals to run a satisfactory examination. As the graphs show 
(Fig. 2), these materials are predominantly fine-grained with the ex- 
ception of No. 28, which shows a high percentage of medium-grained 
material. 

Catahoula sands show all the four possible textural extremes, re- 
gardless of position in the section. 

The Oakville sands, in general, are coarser, although some fine- 
grained sands were obtained. Many of the Oakville materials contain 
more than 50 per cent of calcite and coquina débris. Before the 
examination of these samples, however, the carbonates were dissolved 
out by hydrochloric acid. 

From the above examinations, although they were tentative, a wide 
variation of textures in these sands was perceptible, hence no correla- 
tion was attempted. 


1 J. T. Lonsdale, M. S. Metz, and M. T. Halbouty, “ Petrographic Characters of 
Some Eocene Sands from Southwest Texas,” Jour. Sed. Petrol., Vol. 1 (1931), p. 75. 


? The writer shows a textural difference of sands in the upper Fayette and the 
Catahoula in his thesis on “‘Heavy Minerals of the Catahoula in Fayette County, 
Texas.’”’ The Jackson (Fayette) samples obtained for this work, however, were from a 
well 40 miles down the dip. 


538 LESLIE BOWLING AND ARNO P. WENDLER 


SHAPES OF GRAINS 


Figure 2 shows the results obtained from the investigation into the 
shapes of sand grains of the Catahoula, upper Fayette, and basal 
Oakville. A marked similarity characterizes this whole group. With 


TEXTURE SHAPE 


Fic. 2.—Preliminary study of texture and shape of sands from upper Fayette, 
Catahoula, and Oakville of Fayette County, Texas. 
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the exception of two Oakville sands, practically no rounding is ap- 
parent. The decomposition of the feldspar constituents accentuates 
rounding as the more rotten and softer grains are affected by weather- 
ing to a larger degree than the harder, more resistant quartz grains. 
Hence, some apparent rounding is observed, although most of the 
feldspar grains are sub-rounded. Therefore, as a whole, the fragments 
observed show mostly sub-rounded to sub-angular characteristics. 
Well rounded grains are rare while angular grains are common, 
although in most samples they represent only small quantities. Ap- 
parently, these sands suggest a similar depositional history, although 
the Fayette sands contain considerably more glass. 


LIGHT MINERAL CONTENT 


The light minerals of the Catahoula, except in a few local lenses 
and pockets, are similar in all samples examined. Quartz, orthoclase, 
microcline, and plagioclase are the chief constituents. Alteration con- 
stitutes about 40 per cent of the total material examined. Some quartz 
grains show stress and strain effects, but the majority of the grains are 
of the normal type. 

Apparently microcline and orthoclase occur more abundantly and 
with greater persistence than the plagioclases in the samples exam- 
ined. The feldspars that are fresh and unclouded often show deter- 
minable characteristics. Roughly, more alteration is found in the 
upper Fayette than in the Catahoula. The graphs show a variable 
condition with respect to the light minerals, but, from a correlative 
standpoint, it is of no value. The Oakville, overlying the Catahoula 
unconformably, contains calcium carbonate and coquina débris de- 
posited concurrently with the highly cross-bedded, coarse-grained 
Oakville sands and conglomeratic materials. 

Alteration in the samples examined consists of (1) feathery gray to 
white material, (2) cryptocrystalline material, probably alteration of 
feldspar to sericite, and (3) light brown to dark brown resinous earthy 
material. This alteration commonly covers the grains beyond recog- 
nition, regardless of the variety. In some specimens, however, feld- 
spathoid characteristics can be determined on altered grains if the 
alteration is not too dense. Microcline, in particular, is easily recog- 
nized by its characteristic twinning. 


HEAVY MINERALS 


The following minerals were identified in the upper Fayette, Cata- 
houla, and lower Oakville: magnetite, limonite, zircon, ilmenite, leu- 
coxene, kyanite, tourmaline, rutile, epidote, staurolite, monazite, 
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biotite, muscovite, spinel? garnet, anatase, titanite, brookite, calcite, 
and pyrite. These minerals are listed in their approximate order of 
abundance. Milner’s work! was found to be very satisfactory in identi- 
fying the constituents of the concentrates. 
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Mt--Magnetite, L--Limonite, JZ--Zircon, I--Ilmenite, P--Pyrite, Le-- 

Leucoxene, K--Kyanite, T--Tourmaline, Re-Rutile, E--Epidote, St--Staurolite, 

Me--Monazite, Be-Biotite, S--Serpentine, Mu-hiuscovite, Sp--Spinel, G--Garnet 

A--Anatase, Ti--Titanite, %r--Brookite, H--Hornblende. ; 
A--Abundant, C--Common, Re-Rare. 


Fic. 3.—Heavy minerals. 


The chart (Fig. 3) shows minerals identified from 31 separations. 
Each sample is numbered and tabulated according to formation. No 
elevations were taken where the samples were collected; hence it is 
impossible to present a graphic section. Also, these materials were col- 
lected in different parts of the county along the Catahoula outcrop. 


1H. B. Milner, Sedimentary Petrography (London, 1929), pp. 116-263. 
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The chart, therefore, shows only a generalized section of the Cata- 
houla in Fayette County, Texas. 

Results obtained in this work can only be used as a sort of perspec- 
tive for further work. The identification of the minerals is probably 
complete, although some may have been overlooked. 

Minerals that occur in the formations examined can be placed 
in three groups: (1) the abundant and persistent varieties, such as 
magnetite, zircon, limonite, and to some extent ilmenite; (2) the 
minerals that occur persistently but not very abundantly, such as 
tourmaline, kyanite, epidote, and rutile—the latter two occur errati- 
cally and are in places entirely absent; (3) the rare varieties which 
occur at random andin only very small quantities, as hornblende, which 
is found distributed irregularly here and there throughout the section. 
No correlative value could possibly be attached to such a distribu- 
tion, although with additional work it might be discovered to be in 
well defined zones which could be used for correlation. 


SANDSTONE 


Sandstones of the Catahoula that lend themselves to thin-section- 
ing are the lenses of a quartzose variety found at the base of the 
formation. These sands are cemented by a siliceous, glassy matrix 
which is very hard and dense. Under the microscope the cement is 
mainly isomorphous, although some cryptocrystalline material is 
present. The shape of the grains ranges from predominantly angular 
in some samples to predominantly subangular in others. Quartz is 
the main constituent, with some orthoclase, microcline, and smatter- 
ings of plagioclase, which was identified by its twinning. All grains 
are exceptionally clear and unclouded, showing very little alteration. 
Stress and strain effects are present. 

The feldspar grains, which constitute about 15 per cent of the total 
amount of the material in some samples, are fresh and unaltered. 
This would indicate a short interval of exposure to weathering con- 
ditions. The angularity, which is so predominant in some of the sec- 
tions, together with the unaltered feldspar, would suggest a near-by 
land mass as the source of the sediments. 


GLASSES 


Volcanic glasses occur in great abundance in the upper Fayette. A 
sample was collected from a sandy ash bed in the upper Fayette on 
the V. T. Duncan 114-acre Tract in the E. Y. Kean 320-acre League 3 
miles east of Muldoon. This specimen consisted of large shreds of 
tabular glass full of blow holes. It contained the largest grains of 
glassy material found in this area. 
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The Catahoula, as already stated, consists of tuffs, green hackly 
fractured clays, local lenses of sand, and ash beds. The ash beds are 
interspersed through the section and are traceable as horizons, but 
not as persistent beds. The lower ash bed, stratigraphically just above 
the basal quartzose sandstone of the Catahoula, has the general ap- 
pearance of an ashy indurated sandy clay. This is the bed in which the 
marine fauna, previously described, was found, but the fossils are not 
found in the Buckner Creek area. Clear glass and glass showing pe- 
ripheral and almost total devitrification are the chief constituents 
found in samples collected from this bed. Glasses were also found in the 
upper ash members of the formation. A sample was collected from an 
ash bed three miles southwest of La Grange at a cemetery 3 mile south 
of Buckner Creek on the Theo. Shaefer 42.53-acre Tract in the John 
E. Lewis League on the Flatonia-La Grange road. This ash bed occurs 
about 50 feet below the base of the Oakville and about 100 feet above 
the lower ash member. The sample consists of pure glass, partially and 
almost totally devitrified fragments, and glass microlites imbedded in 
a cryptocrystalline ground mass, probably consisting of devitrified, 
disintegrated volcanic material. Isolated fragments of both quartz 
and feldspar grains, mostly angular, are mixed with this ash. In general, 
microlites were found in thin sections from specimens of the fine- 
grained glass members—ash beds of the Catahoula. They comprise 
from 1 to ro per cent of the total mass. These microlites are imbedded 
with shreds of both feldspar and quartz grains and tabular glass frag- 
ments, many showing almost total devitrification. 

Summarizing these facts, the writers wish to state that volcanic 
glasses are found in both the upper Fayette and in the Catahoula in 
Fayette County, Texas. There seems to be a gradation from the older 
to the younger beds of volcanic glass devitrification. Samples from 
ash beds of the upper Fayette consist predominantly of pure glass with 
considerable peripheral devitrification and minor amounts of total 
alteration. Specimens from the lower ash member of the Catahoula 
show pure glass, although this is not a predominant characteristic, as 
devitrified shreds are the principal constituents. Samples from the 
upper ash bed of the Catahoula, stratigraphically about 100 feet above 
the lower ash member, consist of almost totally devitrified volcanics 
with a fair amount of pure and partially altered glass shreds. 


CALCIUM CARBONATE 


The Catahoula is locally calcareous. Apparently, much of the 
carbonate that is present is of secondary origin, having been carried 
down in solution from the overlying calcareous sands of the Oakville. 
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Calcareous material found in the Catahoula consists of gray, either 
hard or soft, concretion-like nodules, although the concentric struc- 
ture of a typical concretion is lacking. The thin sections show a kernel 
of carbonate surrounded by an isomorphous and cryptocrystalline 
mass of calcareous material. Rotation of the stage under cross-nicols 
shows dove-tailed extinction. Small grains of quartz and feldspar 
are found in this solid, semi-crystalline matrix. Apparently these 
grains, included in the nodules, are just as abundant in the carbonate 
as they are in the surrounding mass in which the nodules are im- 
bedded. 
PALEOGEOGRAPHY 


FAYETTE 


The Catahoula is underlain by Fayette shales, laminated sands, 
and ash beds, some consisting of about 60 per cent pure glass. This 
implies continental to semi-marine conditions when these materials 
were deposited. Sand grains in the upper Fayette are sub-rounded to 
sub-angular and all seem to be somewhat stratified. This suggests dep- 
osition under aqueous conditions. The argillaceous varieties, par- 
ticularly, are usually well laminated. Diatoms which are common in 
both the thinly laminated shales and the ash horizons suggest de- 
position in ponds and lakes.! 


The upper Fayette, it is believed, represents an oscillating sea 
subjected to spontaneous volcanic ash deposition, probably above 
the base of the zone of wave planation, which, after the recession of 
the sea, resulted in the formation of ponds and lakes in which diatoms 
thrived. 


Heavy minerals identified, consisting of rutile, zircon, magnetite, 
garnet, biotite, leucoxene, limonite, monazite, pyrite, staurolite, 
et cetera, in themselves suggest either long erosional exposure 
or several cycles of erosion. Some of these minerals, of the authi- 
genic varieties, suggest open formations through which percolating 
ground waters seeped freely and redeposited these secondary or 
authigenic constituents.” 


CATAHOULA 


The basal horizon of the Catahoula of Fayette County is a quart- 
zose sandstone. The shapes of both quartz and feldspar grains in this 
sandstone range from angular to sub-angular to sub-rounded. Eolian 
origin, except for beach-blown conditions, is out of the question. Ap- 


1E. T. Dumble, The Geology of East Texas, Univ. Texas Bull. 1869, (1918), p. 182. 
2H. B. Milner, Sedimentary Petrography (London 1929), pp. 425-51. 
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parently these sands were deposited under sub-aqueous conditions.' 
Steep and complex cross-bedding in some of these sands suggests con- 
tinental deposition. This phenomenon, however, occurs only locally 
and often massive horizontal bedding is noticeable in this basal sand 
horizon.” Therefore, from a physical point of view, this suggests 
rather shallow depositional conditions. According to Carroll Cook’ 
the basal Catahoula changes laterally into a conglomeratic horizon 
southwestward, opalized wood being one of the constituent mate- 
rials. The basal Catahoula, therefore, is believed to have been de- 
posited upon low coastal lands and their continuations.‘ 

Heavy minerals found in this basal sand are practically all of the 
stable varieties. Zircons are angular, although rounded grains in small 
quantities are present; magnetite is very abundant; tourmaline is 
present; rutile twins are not uncommon; epidote, ragged kyanite, and 
isotropic garnet were also found. The basal member, mineralogically, 
bears a resemblance to the underlying upper Fayette sands. As men- 
tioned before, these mineral assemblages consist mainly of the stable 
varieties which can withstand several erosional cycles. In thin sections 
these sands show from ro to 25 per cent of fresh, unaltered feldspars. 
As already mentioned, the phenomenon suggests mechanical disin- 
tegration of the parent rock, with no alteration taking place subse- 
quent to deposition. 

The cementing medium must be considered in connection with the 
other constituents of these sands. It consists of isomorphous silica as 
hard and nearly as resistant to weathering as the constituent grains. 
The freshness of the constituent feldspars indicates that they have 
passed through but one period of mechanical disintegration, transpor- 
tation, and deposition. 

Sands of the basal member of the Catahoula are unconsolidated or 
loosely cemented with argillaceous or ashy material. Feldspars are 
usually altered beyond recognition. This alteration consists of three 
fairly distinct varieties: (1) a cryptocrystalline material, (2) a whitish 
covering of the grains, and (3) a light brown to dark brown resinous 


1 W. H. Sherzer, ‘‘Criteria for the Recognition of Various Types of Sand Grains,” 
Geol. Soc. Amer., Vol. 21 (1910), p. 625. 


2 E. M. Kindle, “‘Cross-Bedding and Absence of Fossils Considered as Criteria of 
Continental Deposits,” Amer. Jour. Sci., Vol. 32, ser. 4 (1911), pp. 225-30. 


3 Carroll Cook made this observation while doing stratigraphical work on the 
Catahoula in Gonzales County, Texas, in 1932. 


4 E. T. Dumble, The Geology of East Texas, Univ. Texas Bull. 1869 (1918), p. 183. 


5 M. I. Goldman, “ Petrographic Evidence on the Origin of the Catahoula Sand- 
stone of Texas,” A mer. Jour. Scz., Vol. 39, ser. 4 (1915), p. 187. 
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earthy material. The latter greatly exceeds the former. Paleogeograph- 
ically, this suggests either a distant source of materials with probably 
intermediate transportational stops, or a deposition of fresh feldspar 
derived from some near-by parent rock with subsequent alteration 
taking place. The latter appears plausible for several reasons. 

1. The source of both the basal and upper sands in the Catahoula 
should be theoretically the same, since no hiatus, with the exception 
of a few local unconformities, is noticeable. 

2. The basal sands were cemented upon deposition. As a result, no 
subsequent alteration of the constituent feldspars took place. 

3. The upper sands are unconsolidated, the few that are cemented 
having been impregnated subsequently by precipitates from percolat- 
ing waters. 

4. These percolating waters continually react upon the fresh or 
partly altered feldspars, hence the great amount of alteration. 

The foregoing statements may be summarized as follows: The 
basal sands are closed to percolating waters, hence no alteration; the 
upper sands are continually subjected to seeping waters and, as a 
consequence, there is a great amount of alteration. 

Heavy minerals in the upper sands of the Catahoula apparently 
decrease slightly as compared with those in the lower beds. Zircon 
and magnetite are abundant; tourmaline, kyanite, biotite, muscovite, 
et cetera, are generally present. No theory as to the source of these 
sands can be postulated from these mineral suites, although the author 
realizes that upon further research the origin of these sands may be 
determined. 

Tuffs of the Catahoula consist of a small percentage of pure glass, 
devitrified glass in the form of cryptocrystalline material, earthy iso- 
morphous material, and variable amounts of quartz and feldspar 
shreds. No evidences of stratification are shown in the arrangement of 
the quartz and feldspar shreds. This heterogeneous arrangement of 
shreds suggests rapid deposition of the tuffs. The Catahoula tuffs of 
Fayette County are acidic, and probably were deposited in shallow 
waters, as further substantiated by lensing and cross-bedding. Ap- 
parently the origin of these volcanic tuffs is from the southwest. 

Bailey, in his paper on the Gueydan of Southwest Texas, describes 
primary volcanic boulders.'! No boulders consisting of volcanic ma- 
terial were found in the Catahoula of Fayette County, Texas. Ap- 
parently only particles classed as volcanic dust were deposited in this 
region. Hence, it follows that Fayette County was farther away from 


1T. L. Bailey, ‘“‘The Gueydan, a New Middle Tertiary Formation from the South- 
western Coastal Plain of Texas,” Univ. Texas Buil. 2545, (1926), p. 85. 
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the source of materials than the area described by Bailey on the 
southwest. 
SUMMARY 


The following facts and conclusions are tabulated as a result of 
the detailed study of the Catahoula formation in Fayette County, 
Texas. There is an overlap of the Catahoula on the Fayette and of 
the Oakville on the Catahoula. In both instances the overlap is more 
pronounced toward the southwest. From these facts it is concluded 
that the area in the southwestern part of the county is regionally low. 
The Catahoula section consists predominantly of bentonitic clays with 
several beds of reworked volcanic ash interspersed through the section. 
A marked absence of sandstones is noted in Fayette County, though 
on the east they make up a very prominent part of the section. The 
lower 30 feet, more or less, of the section is assigned to the upper 
Jackson and is probably the equivalent of the upper part of the Frio 
formation of southwest Texas. The remainder of the section is assigned 
to the Oligocene or the Miocene, or both. As it is evident that there 
is an error in nomenclature or correlation, the writers do not attempt 
to correlate the so-called Catahoula of Fayette County with the east- 
ern extension of the formation. 

Texturally, the upper Fayette sands are not particularly different 
from the Catahoula sands above. In the shapes of grains, a marked 
similarity characterizes both the upper Fayette and the Catahoula 
sediments. In mineral composition, including the quartzose member in 
the basal Catahoula, the sediments studied consist of quartz, feld- 
spars, and alteration products of the feldspars. The basal quartzose 
sandstone of the Catahoula, in thin sections, shows an extreme angu- 
larity of both the quartz and feldspar grains, the latter showing very 
little alteration. The volcanics of both the upper Fayette and Cata- 
houla consist of the common resistant and authigenic varieties, and 
can be divided into three general groups: (1) the abundant varieties, 
(2) the common and rare but persistent varieties, and (3) the rare, 
sparsely occurring minerals. Paleographically, the Fayette sea in the 
Fayette County area suggests littoral to semi-marine phases of depo- 
sition; whereas the Catahoula materials are indicative of fluvial to 
littoral conditions giving rise to lagoons in which a marine fauna of 
Jackson age was able to subsist during the deposition of the lower part 
of the so-called Catahoula formation. 
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ABSTRACT 


From the comparatively simple field mapping of 15 or 20 years ago, petroleum 
geology has become a highly complex science, with several specialized branches, such 
as micropaleontology and geophysics. Through persistent research, it has shown the 
way to the modern technique of oil and gas exploitation. Although it reduces the risk 
in wildcat drilling, and although a majority of pools discovered in the last 20 years 
have been found on geological evidence, nevertheless the percentage of producers to 
dry holes among wildcats is exceedingly low—for example, about 2 per cent in 21 
counties in northeastern Texas. Because of the vast sums of money spent in wildcat- 
drilling, every effort should be made to secure all possible information from such holes 
while in process of drilling. In the development of oil pools, the geologist should seek 
data on structure, stratigraphy, lithology, fluid conditions, and especially on character- 
istics of the reservoir rock and its fluid contents, and he should furnish these data to 
enable the petroleum engineer to formulate his program for development and produc- 
tion. The geologist works with earth conditions as nearly as possible in their original 
environment, whereas the petroleum engineer is primarily concerned with the artificial 
system for extracting the oil and gas. 

The most significant contribution made by petroleum geology to science and the 
industry is the concept which includes the isolation of the pool, the physical environ- 
ment of the fluids within it, and its original relations to ownership rights vested in the 
surface. Acceptance of this concept by all, with its logical consequences, is vital to 
further progress in the industry. 


We are here to-day attending the 18th annual convention of The 
American Association of Petroleum Geologists. Although only 18 
years old, we have a membership reaching into nearly every state in 
the Union and into more than 30 foreign countries. Through our 
investigations and our publications during this brief span of time we 
have contributed very greatly both to the progress of the industry 
with which we are associated and to the general understanding of 
stratigraphy and structural geology as pure sciences. As an organiza- 
tion our growth has been phenomenal, but we have built rationally 
and upon a firm foundation. 

At the present time we find ourselves still afflicted by the various 
embarrassments of a world-wide business depression. For more than 
3 years we have been weathering the storm. We have all suffered, 
some of us severely, and especially to these last we extend our sincere 
sympathy. For these it is perhaps exasperating to hear the assertion 


1 Presidential address, Houston, Texas, March 23, 1933. 
2 Chief geolugist, Sun Oil Company, Box 2880. 
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that, in spite of all the hardships, these years have witnessed real prog- 
ress in many spheres of activity. 

But we are not here to talk about the all-pervading business 
depression, which if it does not conceal, serves like a screen to obscure 
or to distort some of the realities of our surroundings. I invite you to 
look through this screen at our science of petroleum geology as it 
would be if there were no so-called depression. What has been the 
history of this science? What have we accomplished by it? What is our 
status now, and what can we do in further service to the industry, to 
our profession, and to the public? We have some of us heard whisper- 
ings and warnings that petroleum geology is on the wane. Have such 
intimations any real] justification, or are they unwarranted? It is ap- 
propriate at this time that we should take cognizance of our position 
and that we should correct any misconceptions which may concern 
our science. 

No doctrine has more widely claimed the attention of petroleum 
geologists than that known as the anticlinal theory. As explained by 
J. V. Howell, in his contribution for Volume III of Structure of 
Typical American Oil Fields, Henry D. Rogers pointed out, far back 
in 1860, a few months after the completion of the Drake well, that the 
oil in Pennsylvania was located on anticlines; and in 1861, T. Sterry 
Hunt published the first definite statement of the anticlinal theory 
explaining that. oil, being lighter than water, has risen and accumu- 
lated above water along the crests of anticlines where the containing 
beds are covered by impervious layers. To I. C. White, 25 years later, 
belongs the double credit of having emphasized the anticlinal rela- 
tions of petroleum gas accumulations and of having first demonstrated 
to business men the practical importance of the anticlinal theory. 

After the lapse of another 15 years, during which confirmatory 
data were gradually piling up, appreciation of the real significance of 
the theory was again enhanced in the first decade of the present cen- 
tury through the investigations and publications of the United States 
Geological Survey. The value of these contributions by the Survey 
can not be overestimated. They paved the way for the tremendous 
progress made during the next few years in utilizing geology in pe- 
troleum exploration. Many of their authors became leaders in this 
relatively new practical application of the science of geology. 

A majority of the pools investigated before 1910 were related to 
anticlines, and consequently anticlines were sought by the geologists. 
But with more and more drilling, oil was discovered on various modi- 
fications of the simple anticline and even on other structural features. 
In some localities pools were found associated with structural ter- 


550 FREDERIC H. LAHEE 


races and plunging anticlinal noses; in others, with lensing sands, 
wedging out up dip; or with unconformities; or with certain types of 
fault; and in the Gulf Coastal Plain of Texas and Louisiana, numerous 
pools were opened on salt domes. At the present time we recognize at 
least ten kinds of geologic structure with which petroleum may be as- 
sociated. For this reason, we are now accustomed to refer to “the 
structural theory” rather than to “the anticlincal theory” of accumu- 
lation, although the same principles govern in all cases. 

Following the realization that the anticline played so important 
a part in controlling the segregation of petroleum, and along with the 
repeated discovery that other types of geologic structure might func- 
tion in a similar manner, a vigorous campaign of exploration was 
carried by geologists into many states. In each region investigated, the 
more conspicuous surface evidences of structure were found and 
mapped, and many were leased and drilled. Later, areas at first hastily 
examined were studied in more detail. Always, as the years have 
passed by, the discovery of reliable surface indications of geologic 
structures, which might possibly be favorable to oil accumulation, has 
become increasingly difficult; or, to put it in another way, the reported 
surface indications have been less and less reliable. 

From a practical standpoint this means that the chances of dis- 
covering a new oil field by drilling on surface evidences of structure 
are less now than they were 10 or 15 years ago. For the geologist it 
means that his field work demands more care, more patience, and more 
time than formerly, that he must be well trained, a real student in his 
chosen profession and a keen observer, ever vigilant lest he overlook 
faint tokens that may have an important bearing on his problems. 
The field mapping of to-day can not be done with the speed that was 
often demanded some years ago. This is a fact too seldom grasped 
by the business man who craves quick action and who does not 
realize this change in the methods of geological surveying. 

I have been speaking chiefly of field geology. In the early 20’s, and 
even sooner, geologists were proclaiming the great practical advan- 
tages that might be gained by systematically collecting and studying 
rock cuttings from drilling wells. It was obvious that these samples, 
when examined and properly correlated, might be used to verify or 
perhaps disprove predictions based on surface observations, and 
furthermore they might reveal something of subsurface conditions in 
localities where the surface could not be worked. As the need for more 
definite subsurface information became evident, core-drilling was 
introduced, both for mapping shallow underground structural condi- 
tions and for sampling oil sands. To-day the application of coring has 
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increased to the point where good drilling practice requires that all 
sands penetrated in a wildcat well be cored in order to eliminate the 
risk of missing some possible pay stratum; and it requires that in a 
proved oil field the full thickness of the known oil pay zone be cored 
in order that everything possible may be learned of the physical charac- 
teristics of the reservoir rock. 

With improved technique in securing samples of the formations 
drilled and with improved technique in the methods of laboratory 
study, subsurface geology has grown to be of major importance. 
It is the backbone of modern petroleum geology and will continue to 
be of greater and greater value to the industry as time goes on. 

Wildcat wells are of peculiar interest to geologists. Although many 
holes, located without any sound scientific reason, have opened new 
oil pools, in some places large pools, nevertheless a majority of the 
pools discovered in the last 15 or 20 years have been found by holes 
located on some kind of geological evidence, either surface or sub- 
surface, or in some places on the basis of geophysical data. We have to 
admit that in some localities the geologic evidence is weak; that even 
when a good closed structure is found, it may not contain sands or 
other porous rocks that might hold oil; and that where a suitable 
reservoir rock is present on a well formed structure, this porous rock 
may yet be barren of oil. However, in spite of these and other un- 


seen complexities, experience has amply demonstrated that geology 
applied to the finding of petroleum has considerably reduced the risk 
of failure. 


Notwithstanding the assistance rendered by geology, a remark- 
ably large percentage of wildcat wells are dry. We have gathered 
some statistics on completed oil and gas wells and abandoned dry 
holes drilled: in the 25 years from 1908 to 1932, inclusive. The facts 
are graphically summarized in the accompanying two diagrams. 
Eight important oil-producing states or districts were considered. 
In Figure 1 the heavy vertical lines represent the total number of 
holes drilled in the 8 districts indicated, during the years 1908 to 1932 
inclusive. These districts are arranged from left to right in the order 
of increasing percentage of dry holes drilled in this period. Thus, in 
California, during these 25 years, the percentage of dry holes was 17; 
in the group of Appalachian states including New York, Pennsylvania, 
West Virginia, Kentucky, and southeastern and central Ohio, it was 
18; and so on, to a maximum of 36 per cent in the combined Gulf 
Coast (salt-dome) area of Louisiana and Texas. 

In Figure 2, the percentage of dry holes referred to the total num- 
ber of holes drilled is shown for each year in each of the 8 districts used 
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for this comparison. At the bottom of the diagram is a curve for totals 
of the 8 districts for each year. The grand total of all holes drilled in 
these 8 districts in the 25 years from 1908 to 1932, was 487,161, with 
113,780 of these, or 23 per cent, dry. 

There are several factors which contribute toward the variations in 
these percentage figures. An excessive amount of drilling within the 
limits of a pool, close spacing of wells within the area of a pool, and 
the drilling of several wells at the same location to reach several pay 
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Fic. 1.—Total number of holes drilled in eight major oil-producing districts from 
1908 to 1932, inclusive, compared with percentage of those drilled dry during this 
period. The districts are shown, from left to right, in the order of increasing dry-hole 
percentage. 


sands at different depths in the same pool, all tend to reduce the 
percentage of dry holes in a given area. On the other hand, this per- 
centage is augmented by increased depth of drilling with its attend- 
ant hazards; by reduction of inside pool drilling due to overproduc- 
tion, unfavorable marketing conditions, proration, and wider well 
spacing; by the spotted’or uneven character of the pay formation, as 
in the Zwolle field of Louisiana, in the Bend limestone of north-central 
Texas, in the Madison limestone of the Kevin-Sunburst field of Mon- 
tana, and in many other fields that might be cited; by highly com- 
plicated structural conditions, as in the Gulf Coast salt domes; by the 
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rapid expansion of wildcatting, and especially of indiscriminate wild- 
catting, which usually follows the discovery of a new pool; by speedy 
and careless drilling; by forced drilling to hold leases which may have 
only a bare chance of yielding oil; and by the fact, already emphasized, 
that reliable surface evidences of geologic structure, as yet untested 
by drilling, are more and more difficult to find. 
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1c. 2.—Curves showing percentage of dry holes in total holes drilled (dry, oil, 
and gas) each year, from 1908 to 1933 inclusive, in several of the major oil-produc- 
ing districts of the United States. 


It is evident that the factors tending to increase the dry-hole per- 
centage are more numerous and more likely to be effective than 
those acting in the opposite direction. Largely for this reason the com- 
pound curve for all the districts here considered displays a gradual 
average increase in the ratio of dry holes to producing oil and gas 
wells until 1929. The drop since that year is unquestionably due to the 
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fact that a large proportion of the holes drilled in ig30, 1931, and 
1932 were within the boundaries of the East Texas oil pool. 

Actually these statistics do not represent the risk in strictly wild- 
cat drilling. It is much greater, but is difficult to estimate. We may 
take for illustration a group of 21 counties and parts of counties in 
northeast Texas where there have been several wildcat plays,—one 
for fault-line production, subsequent to the opening of the Mexia zone 
pools; one, following the discovery of Van, for production on salt 
domes or other anticlinal structures; and one following the discovery 
of the East Texas pool for production similarly occurring in reservoir 
sands unconformably truncated. 

In an area of 13,250 square miles, in these 21 counties, 1,029 dry 
holes were drilled with a total aggregate depth of 3,246,322 feet, or 
614.8 miles, or an average depth per well of 3,154.8 feet. Of these 1,029 
dry holes about 300 were drilled immediately adjoining, but just 
outside, the borders of the 13 oil and gas pools discovered in the area 
under discussion. If we subtract these 300 holes, most of which may 
be regarded as only semi-wildcat, and if we allow 3 discovery wells for 
East Texas and one discovery well for each of the other 12 pools, we 
may say that out of 744 wildcats drilled in search of oil in this area, 
only 15, or 2 per cent, were successful. While this figure may not ex- 
actly represent conditions in other districts, nevertheless this method 
of estimating, where we balance only the discovery well of a pool 
against the wildcats drilled in search of the pool, will demonstrate 
that the risk of failure in wildcatting is great. 

The expenditure of a large sum of money for drilling a wildcat 
well would seem, therefore, to warrant any reasonable effort that 
might be made to learn everything possible about the formations 
penetrated. To reject an opportunity to obtain information which 
may be of real practical importance in order to save a small additional 
percentage of the total cost of a dry hole is hardly good business. It is 
true that oil-bearing sands are the real object sought, but even where 
no such sands are encountered, a dry hole may hold valuable geologic 
evidence. Operators should remember that the subsurface geologist 
may find more information in cores of shale than in cores of sand. 
This is particularly true of the paleontologist who gleans most of his 
microfossils from shaly rocks. 

From the laboratory analysis of these samples, significant conclu- 
sions may be drawn. For example, the discovery that formations are 
abnormally thin in a certain dry hole may indicate the presence of an 
important subsurface geologic structure somewhere in the vicinity; 
or the absence, in one dry hole, of a sand which is known to be present, 
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but water-bearing, in another, farther down the regional dip of the 
formations, may mean that this sand will wedge out somewhere be- 
tween the two holes, with a chance of carrying oil where it pinches 
out. These are only two suggestions of conditions which may be de- 
tected by adequate sampling. In each case the facts might not be 
discovered without the coring of shale. No wildcat well should be 
drilied without coring at regular and frequent intervals practically 
all the way down from the surface. 

And now what of the wells within the area of a pool? To what ex- 
tent does geology function here? Modern technique in the develop- 
ment and operation of a producing property requires as complete 
information as can be acquired on the structural relations of the 
formations through which casing must be set and on the natural char- 
acteristics of the reservoir and its fluid contents. All these data are 
geological. They apply to conditions surrounding and within the oil 
pool. They comprise the foundation on which the petroleum engineer 
must base his recommendations for casing seats, depth of sand pene- 
tration, tubing assemblage, most efficient method of production, and 
so on. The geologist must furnish him with data on the nature of the 
formations penetrated in the drilling; on the positions of important 
contacts between these formations; on the kind and local features of the 
geologic structure; on the position of the property on this structure; 
on the lithologic characteristics of the cap rock; on the composition, 
texture, porosity, and permeability of the reservoir rock; on the 
relations of gas, oil, and water in the reservoir rock; on the probable 
nature and rate of water encroachment; on the chemical character- 
istics of gas, oil, and water; on the pressures existing within the reser- 
voir and measured by instruments lowered to the bottom of the 
hole; and, subsequently, as the pool becomes older, on changes 
brought about in the fluid and energy relations within the reservoir. 
In every pool these data, all of them geological, should be con- 
scientiously sought by the geologist and supplied by him to facilitate 
the petroleum engineer’s development and production programs. The 
geologist works with earth conditions and substances as nearly as 
possible in the relations in which they are associated in their natural 
environment; the engineer works with the artificial system for ex- 
traction of the fluids and with the relations of these fluids after they 
have entered the bottom of the well. While there are necessary inter- 
relations between these two fields of service, there is no cause for 
serious overlap or duplication of functions. The geologist must rely 
on the production man and sometimes on the engineer for collection 
of samples and data, and the petroleum engineer must rely on the 
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geologist for the interpretation of these data. The stage is set here 
for effective codperation for many years to come. 

In any exposition of what petroleum geology may be able to ac- 
complish, there should be no concealment of its limitations, for 
geology is decidedly not an exact science. We geologists have long ap- 
preciated the fact, but the public unfortunately has been too fre- 
quently unaware of it, that any person who professes to be a geologist 
and who asserts that he can definitely locate oil except by the drill is 
most certainly unreliable. Too many unknown and undeterminable 
factors are involved. And now that we are using more data on reser- 
voir conditions, operators and others who may be concerned must 
realize that no geologist and no one else can determine exactly what 
conditions prevail between wells in a pool. He can make estimates 
only within certain reasonable limits. The man is unreliable who 
claims that he can estimate within limits considerably less than those 
set by a majority opinion of geologists who are in a position to judge. 

I have reserved, until the last, specific mention of a most signifi- 
cant contribution made by petroleum geology to science and to the 
industry, a contribution as far-reaching in its import as the anticlinal 
or structural theory of accumulation. This is the proof, substantiated 
by tens of thousands of wells, that an oil pool is an isolated unit, a 
body of oil, or of oil and gas, which is bounded above, below, and on 
all sides, although this body of fluid is contained in the pores of a rock; 
and, furthermore, that these fluids are restrained under considerable 
pressure, depending, among other things, upon depth. Prior to drilling, 
the pool is essentially in static equilibrium, in fixed relations vertically 
below certain properties on the ground surface. This geological con- 
cept, which includes the isolation of the pool, the physical environ- 
ment of the fluids within it, and its original relations to ownership 
rights vested in the surface, is absolutely vital to further progress in 
the industry. Not until it is accepted in its entirety by all—fee 
owners, royalty owners, petroleum operators, legislators, and the 
courts—not until its logical consequences are upheld by all, will the 
chaos of unrestrained production cease to threaten. Failure to support 
a rational plan of oil-pool development may be partly due to selfish 
interests, but it is also often more largely due to ignorance of the real 
facts. Therefore, I submit that, as a group of technical men and 
women, we should consider it a duty and a privilege to take every 
reasonable opportunity of informing the public on the simple facts of 
oil and gas occurrence. 

In closing, I wish again to emphasize the trend of petroleum 
geology. From the comparatively simple field mapping of 15 years 
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ago, it has become a highly complex science, with several specialized 
branches, such as micropaleontology and geophysics. Through per- 
sistent research, far and wide and deep within the earth, petroleum 
geology has shown the way to the modern technique of oil and gas 
exploitation. As long as these hydrocarbons are sought underground, 
petroleum geology must endure; but it has become more exacting in 
its requirements for adequate training and experience on the part of 
its practitioners. It has passed through stages like those through 
which the mining industry passed. It is now entering the period of 
greater stability, and, as we believe and hope, of more valuable service 
to the industry and to the public. 
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GEOLOGICAL NOTES 


RECENT DEVELOPMENTS IN TEXAS 
AND LOUISIANA GULF COAST 


Two major oil fields and at least sixteen other significant discover- 
ies of oil and gas bring into national limelight recent development 
activities on the Texas-Louisiana Gulf Coast. From the Victoria- 
Jackson county line on the west to Mississippi River on the east, since 
January 1, 1931, to the present (March, 1933), no previous period in 
the oil history of the Gulf Coast, with the possible exception of 1901- 
1902, has witnessed so many important discoveries of oil and gas. 

The two outstanding achievements in the Gulf Coast were the 
development of Rabb Ridge, Fort Bend County, and the Conroe 
field, Montgomery County. The former, discovered in May, 1931, has 
produced through December 31, 1932, more than 5,000,000 barrels 
and the latter, discovered in December, 1931, has already produced 
more than 2,500,000 barrels. 

The other occurrences of oil or gas of highly potential possibilities 
found during the past two years are listed by states and in chronologi- 
cal sequence. 


TEXAS RECENT DEVELOPMENTS 


Rabb Ridge, Fort Bend County May, 1931 
Manvel field, Brazoria County September, 1931 
Conroe field, Montgomery County December, 1931 
Buckeye field, Matagorda County May, 1932 
Garwood area, Colorado County June, 1932 
Mykawa field, Harris County June, 1932 
Ariola dome, Hardin County August, 1932 
Spurger area, Tyler County October, 1932 
Livingston-Sunshine area, Polk County October, 1932 
Lakeview area, Wharton County October, 1932 
Pledger area, Brazoria County November, 1932 


LovuIsIANA RECENT DEVELOPMENTS 


Iowa field, Calcasieu-Jefferson Davis Parish January, 193! 
Leesville dome, LaFourche Parish February, 1931 
Gueydan dome, Vermilion Parish April, 1931 
Choctaw dome, Iberville Parish June, 1931 
Lake Washington dome, Plaquemines Parish July, 1931 
Cameron Meadows, Cameron Parish October, 1931 
Darrow dome, Ascension Parish September, 1932 


Following the lead of Rabb Ridge and Conroe, the Iowa field and 
the Buckeye field point the way clearly to major oil-field rank. Com- 
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pletely controlled lease ownership in both fields has precluded hasty 
or competitive drilling. In Texas, Manvel, Ariola, Mykawa, and 
Pledger give satisfactory promise of commercial production. In 
Louisiana, the Gueydan, Leesville, and Lake Washington domes are 
joining the ranks of commercial fields. 

Among the foregoing prospects are found several important dis- 
coveries of gas. The Garwood area, Colorado County, revealed gas at 
4,032 feet in the Coyle-Concord Oil Company’s Nelson No. 1. Gas 
has been found in the Lakeview area, 43 miles north of El Campo, 
Wharton County, in the Livingston-Sunshine area near Livingston, 
and in the Spurger area in central Tyler County. In each of these 
fields the gas indications prove the existence of structure, the oil 
possibilities of which have yet to be tested. 

It is not the present purpose of the writer to list the statistical 
facts of the aforementioned fields and discoveries. This information 
is adequately given by several publications.! It is rather to summarize 
briefly the more salient features of these discoveries and their relation- 
ship to exploration and development. 

Oil- and gas-producing structures in the Gulf Coast are located 
primarily in one of the three ways: by torsion balance, by seismo- 
graph, or by wildcat drilling either with or without the use of surface 
geologic indications. Most frequently, of course, locations are directed 
through the combined efforts and data of the geologist and geophysi- 
cist. If the discovery operators are classed according to the methods 
they employ, we find that recent developments on the coast have 
brought to each respective group honor and glory in nearly equal 
abundance. 

The torsion balance lays chief claim to such notable operations as 
Rabb Ridge, Iowa, Manvel, Spurger, and Livingston-Sunshine. The 
seismograph claims Leesville, Gueydan, Choctaw, Lake Washington, 
Ariola, Darrow, and Pledger. To the geological wildcatter, however, 
goes the full credit for the discovery of the ranking Conroe field and 
the Buckeye field. 

The sole credit for the Conroe discovery should go to George W. 
Strake, who almost alone in the courage of his convictions and without 
the solace of geophysical comfort, carried his momentous South Texas 
Development Company No. 1 to the producing sand. 

Equally remarkable, at least to most Gulf Coast geologists, was 


1 Annual statistical numbers of the Oil and Gas Journal and the Oil Weekly. 


The year books of the National Oil Scouts Association. 


L. P. Teas, “Gulf Coast of Texas and Louisiana,’’ Amer. Inst. Min. Met. Eng. 
Petrol. Dev. and Tech. (1932). 
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the finding of oil at 7,793-7,829 feet near Buckeye, Matagorda 
County. This deep well was drilled by United North and South De- 
velopment Company on a location dictated principally by surface 
geology, and confirmed in part by a magnetic survey. While recog- 
nizing, and in no sense minimizing, the merit of these investigations, 
the courage to carry this well to production at that depth and in that 
territory, deserves a warm tribute to the personal convictions of 
Edgar B. Davis, president of the company. 

The Conroe field production comes from the Eocene Yegua- 
Cockfield formation and is the first major structure to be found pro- 
ducing from this formation between the Pettus field, in Beek County, 
and Sabine River. This long belt of territory, from Pettus far into 
Louisiana, about 75 miles back from the coast and roughly paralleling 
it is now known as the Conroe trend. 

With the establishment of the Conroe field, drilling activity spread 
in both directions along this trend and Livingston-Sunshine and 
Spurger are the latest successes in this campaign. Raccoon Bend is on 
the trend but producing from higher sands than Yegua-Cockfield. 
Garwood is probably within the trend but close to the coastward edge. 
The Yegua-Cockfield has not yet been tested. The success of Conroe 
has stimulated an intensive geologic, geophysical, and drilling explor- 
ation campaign throughout the entire extent of the trend in Texas and 
Louisiana. 

Aside from the newer oil developments in the Conroe trend just 
mentioned, all the other recent discoveries come within the category 
of salt domes or salt-dome prospects. This does not mean to imply that 
the Pettus-Conroe structures themselves may not be of deep salt- 
dome origin. The producing formations of all of the newer dome struc- 
tures are in either the Miocene or Oligocene and consequently higher 
in the section than the Conroe producing beds. The Texas dome dis- 
coveries of oil produce chiefly from the Oligocene and in Louisiana 
from the Miocene, with the exception of Iowa. 

The Vacuum discovery well at Iowa, Waite No. 1, encountered a 
Miocene producing sand at 5,008 feet. The same well,"deepened later, 
found abundant production from an Oligocene sand about 600 feet 
below the top of the Heterostegina zone. Miocene sands are producing 
at Gueydan, Darrow, and Leesville. 

In Texas, Rabb Ridge is producing from Miocene sands from 
3,057 feet to 3,546 feet and from Oligocene sands from 5,100 to 5,300 
feet. Manvel is producing from about 400 feet below the top of the 
Heterostegina and Buckeye from the Marginulina zone in basal 
Oligocene. 
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There were drilled in 1931 on the Texas-Louisiana Gulf Coast 530! 
completions with 236 oil producers, and in 1932, 634 completions with 
371 producers. This makes a percentage of producers of 44.5 for 1931 
and 58.5 for 1932. The numerous producers drilled in proved area at 
Conroe account for the favorably increased percentage of 1932. As 
such, therefore, the 44.5 per cent of 1931 should more properly be 
considered the reasonable expectancy of success for the prudent 
operator of 1933. 

In spite of the additions of Rabb Ridge and Conroe, total coast 
production diminished from 51,090,050 barrels in 1931 to 50,486,g00 
in 1932. Proration and voluntary restrictions, rather than natural de- 
pletions, account for the greater part of this decrease in production. 

Notwithstanding the present oversupply of oil and low price, the 
Gulf Coast is experiencing a vigorous drilling campaign in the search 
for new fields. Many companies from other parts of Texas, Oklahoma, 
and California are entering the field. There is considerable promoting 
and “‘grubstaking”’ of wildcat wells. 

As the more obvious geophysical prospects are drilled and either 
proved or condemned, it becomes increasingly incumbent upon the 
operator to draw on the combined resources of the geologist and geo- 
physicist. More than ever as production is found at steadily greater 
depths, and geophysical instruments are pushed to their physical and 
interpretive limitations, it is necessary to examine the surface, the 
subsurface, the microforams, the mineral content, and all other geo- 
logical features. 

In the light of recent developments, in the fields of both explora- 
tion and production, it might be said that prospect drilling is rapidly 
approaching the stage where not only the oil-producing possibilities 
are “wildcat” in nature but also the very existence of structure itself. 
Unless new and revolutionary methods of exploration are shortly 
forthcoming drilling will indeed become a truly “wildcat” proposi- 
tion. 

Meanwhile, however, the geophysicist with some twenty-five 
reflection-seismograph crews and some sixty torsion balances in 
present operation is still the backbone and bulwark of Gulf Coast 
exploratory methods. 


J. Brian Epy 
1615 STERLING BUILDING 
Houston, Texas 


1 Oil Weekly (January 30, 1933), p. 56. 
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PERMIAN OF LOGAN AND LINCOLN COUNTIES, OKLAHOMA 


In this able paper, Mr. Patterson proposes to change the top of the Garber 
established by Aurin, Officer, and Gould in 1926. The writer of these com- 
ments maintains that if a reasonable number of actual detailed field geologists 
who are doing or have done detailed work on the same amount of Garber 
could agree on the definite Garber top points as listed by Mr. Patterson as 
being Travis’ top Garber at Oklahoma City, thence north to Mr. Patterson’s 
top Garber points, thence north to Hayward to Mr. Evans’ top Garber, it 
would be logical to prepare to redefine the said top of the Garber, at least in 
the area specified. 

However, it has been demonstrated many times in the past that the so- 
called top of the Garber can not be accurately detailed and checked by dii- 
ferent field geologists. Therefore, it obviously follows that there is nothing 
to be gained by redefining and relocating the top of the Garber. 

But when Mr. Patterson suggests or proposes local names such as Jconium 
for a member of the Wellington and states further that this Jconium member 
is actually satisfactory for detailed work, he meets with my most hearty ap- 
proval and this is said without a doubt that it meets the approval of all of the 
geologists who have worked the area which Mr. Patterson discusses in his 
painstaking paper. Likewise the other proposed names of Fallis, Evansville, 
and Lowrie (if they can be traced definitely) should be placed definitely in 
their proper description of their respective formations. 

Mr. John C. Ross, in his discussion of Mr. Patterson’s paper, states that 
such local names should be withheld until each of these members is traced 
more extensively. As a matter of fact, few, if any, of these beds can be traced 
very far north, but that fact does not lessen their value in the area concerned. 

When a field geologist is making detailed studies of what might become 
valuable oil land, he is certainly looking for something on which to base his 
structural surface map. Such definite beds or members should have definite 
names for future reference and for general information because it is of extreme 
importance to find such a bed. 

Mr. Patterson should also have proposed in his paper to give that member 
of the middle Garber which is so extensively exposed in T. 20-19-18 N., 
R. 3 W., a local name, since it is the only definite Garber bed north of Okla- 
homa City which can be continuously detailed for any such distance as 18 
miles north and south. 

This bed is described as being red sandstone having an average thickness 
of 10 feet, the base of which is everywhere either white thin-layered sandstone 
or bluish gray conglomerate and not more than a foot in thickness. Obviously 
such a horizon fills the requirements of being competent, especially where the 
elevations on the top of this red sandstone show the same dips as does its 
prominent base. 

Structural features which are mapped on such a rare Garber bed demand 
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attention. This is particularly true in an active oil area where the “‘Wilcox”’ 
may be prolific, as in the listed townships, because their uses are legion. 
Such a bed as this and the members which Mr. Patterson proposes to 
name should be given a more appropriate label in the field geologist’s colum- 
nar section than a mere and monotonously overworked letter of the alphabet. 


W. L. GRAHAM 
ROUTE 2, ORLANDO, OKLAHOMA 
March 24, 1933 


As Mr. Graham states, there has been some dissension on the problem of 
the top of the Garber. However, in discussing the subject with various geolo- 
gists who have worked in the area, it would seem that the main difference of 
opinion concerns some 50 feet of section immediately above the writer’s top 
of the Garber. Sand lenses which are present in this 50-foot zone are con- 
fusing when close detailing has not been carried out. It has been found that 
there is everywhere some red shale immediately above the top of the massive 
Garber sandstone, varying from practically a continuous column of shale to 
a shale zone of less than ro feet in thickness, which separates the top of the 
Garber from the lowest sandstone lenses of the Hennessey. 

It is thought that no geologist, on the basis of lithology, would go below 
the writer’s top of the Garber. However, he might select points in the basal 
50-foot zone of the Hennessey as localities on the top of the Garber. Even so, 
his supposed contact would approach much more closely one stratigraphic 
horizon than that shown by Aurin, Officer, and Gould, and on the scale of 
the writer’s map of the areal geology, could hardly be distinguishable from 
the writer’s contact. 

Mr. Graham refers to the area north of Logan County as the “Evans 
area.”’ The writer repeats that Mr. Evans has mapped the Garber-Hennessey 
contact from Oklahoma City to Hayward. Evans! writes that he agrees with 
the writer’s trace of the Garber through Cleveland, Oklahoma, Logan, and 
Noble counties. 

Mr. Graham also states that in northern Logan County and northward 
there is a very prominent bed in the middle Garber. North of Logan County 
there are many good beds for detail in the Garber and Fallis sandstones be- 
cause the column becomes shaly in that direction. Eventually these separate 
beds will be described and named if the precedent of the Kansas Geological 
Survey and the United States Geological Survey is followed. 


JosEPH M. PATTERSON 
Box 359, LAWRENCE, KANSAS 
April 8, 1933 


RESERVOIR ROCKS OF PERSIAN OIL FIELDS AND OTHER 
LIMESTONE RESERVOIRS 


In the course of the work done in connection with American Petroleum 
Institute Research Project Number 23, “Limestones as Reservoir Rocks,” it 
was found that porous limestones which were capable of acting as oil reser- 
voirs usually were unconformably overlain by the formation which acted as 


1 Letter dated April 5, 1933. 


it 
n 
)- 
ig 
WL 
)- 
1e 
is 
in 
it 
d. 
1e 
is 
te 
1€ 
er 
a- 4 
18 
ss 
ne 
ly 
1e 
ts 
d 


564 DISCUSSION 


a cap rock. The principle was stated,’ and the conclusion reached that this 
group “probably involves fully 95 per cent of the known limestone reservoirs, 
and these limestone reservoirs probably have contained 95 per cent of the 
total production of oil from limestone.” The figure ‘“‘95”’ was not obtained by 
any calculation; it was merely intended to show the great preponderance of 
reservoirs of this type among limestone reservoirs. 

Recently papers have appeared which seem to express the view that by 
“probably 95 per cent’ I actually meant “‘1oo per cent.” One of these, by 
G. M. Lees,” in discussing the reservoir rocks of the Persian oil fields, cites 
my paper, particularly a reference to the reservoirs of the northeastern United 
States and Ontario, and shows that the reservoir in Persia does not fall in this 
class. Lees places the Persian reservoir in my class 3a or ), that is, strongly 
jointed limestone or limestone fractured as a result of crustal movement. 
Reservoirs of these types were listed in my paper, so that, if it was necessary 
to mention my paper at all, it was unfortunate that Lees did not make use 
of the whole classification rather than of a portion which does not apply to 
the type of reservoir which he is discussing. 

As a matter of fact, although Lees very definitely associated oil produc- 
tion with fracturing and not with porosity, he does not show that some of that 
porosity was not due to erosion. He states* that no appreciable amount of 
limestone is lacking anywhere on the structure. That is not an uncommon 
feature in weathered limestones. We have found that some porous zones are 
remarkably continuous on the tops of some of the structures in West Texas 
and that there does not have to be removal of appreciable amounts of lime- 
stone to develop porosity below an unconformity. This seems to have been 
confirmed by DeFord and Wahlstrom‘ who show that in Hobbs the reservoir 
rock was slightly eroded, that it is very porous, but deny that there was much 
complete removal of beds. This is not contrary to any of the views which | 
have expressed regarding limestone reservoirs in general, although a case has 
been described where considerable topographic relief has been developed.* 
In fact, I have always considered that erosion in an arid climate would tend 
to produce exactly the type of porosity described by Lees and DeFord and 
Wahlstrom. 

Lee also states that the upper surface of the limestone does not show any 
erosional effects and is transitional into the overlying anhydrite. Without 
knowing all the facts, I can not do more than suggest that the top of the lime- 
stone is not the top of the Asmari limestone and that the Asmari does not 
begin until this transitional zone has been penetrated. In West Texas, we 
have found, below the reported top of the limestone, considerable thicknesses 
of limestone which grade upwards into the anhydrite and are a part of this 
formation. If one considers that the first substance to be deposited in a basin 
of evaporation is limestone and that this is followed by anhydrite, it is easy 

1 W. V. Howard, “Classification of Limestone Reservoirs,” Bull. Amer. Assoc- 
Petrol. Geol., Vol. 12, No. 12 (December, 1928), pp. 1153-61. 

2G. M. Lees, “‘ Reservoir Rocks of Persian Oil Fields,’ Bull. Amer. Assoc. Petrol 
Geol., Vol. 17, No. 3 (March, 1933), pp. 229-40. 

3G. M. Lees, op. cit., p. 233. 

4 Ronald K. DeFord and Edwin A. Wahlstrom, “Hobbs Field, Lea County, New 
Mexico,” Bull. Amer. Assoc. Petrol. Geol., Vol. 1 (January, 1932), pp. 51-90. 


5 Unpublished paper presented before the San Antonio meeting of the Association, 
March, 1931, dealing with the Crane-Upton county fields. 
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to see that gradation must be the rule and not the exception. This gradation 
does not have any bearing whatever on the relation between the limestone 
member of the evaporite series and the underlying material. Pending further 
information, I do not feel that Lees has demonstrated the absence of an un- 
conformity at the top of the Asmari limestone, or, if he insists on treating the 
transitional limestone as a part of the Asmari, that he has demonstrated the 
absence of an unconformity within the upper part of the Asmari limestone. 

Such instances are by no means rare. Statements that there is an uncon- 
formity at the top of the Embar' have been criticized by Bartram? who points 
out that two distinct formations separated by an unconformity have been 
included in the Embar and that the oil is found in the lower portion, below 
the unconformity. Thomas’ suggests that there may not be an unconformity 
even within the Embar and states that although “porous dolomites in many 
places accompany unconformities” they are “‘well known in conformable suc- 
cessions.” It appears as if Thomas were confusing the term “porous” with 
the term “‘permeable.” So far as I know, it has never been denied that a 
porous limestone or dolomite may occur anywhere. Not all porous limestones 
are reservoirs. In other words, a reservoir must be permeable as well as porous. 
If Thomas knows of any permeable limestones which are not fractured and 
which lie in a conformable succession, I should appreciate more definite in- 
formation. I do not feel that a succession is conformable unless an uncon- 
formity has been shown not to exist. The fact that unconformities are fre- 
quently overlooked has been stressed too frequently to require elaboration at 
this time. 

The confusion between porosity and permeability is met with frequently. 
Twenhofel apparently makes this mistake when he says 

Howard seems to lean to the view that most limestone porosity is secondary and 
owes its origin to erosion preceding deposition of overlying material. This view may be 
correct, but reef limestones and limestones whose composing materials were mechani- 
cally deposited cannot fail to have original porosity.‘ 
I must definitely deny that I lean toward such a view. In fact in my classifica- 
tion’ I mention four classes of limestone with primary porosity, but state that 
commercial oil production from limestones of this type is rare. I have seen 
many limestones, some of which contain oil, but which are not reservoirs, not 
because they are not porous, but because they are not permeable: so, prob- 
ably, have hundreds of other geologists. Limestones of this type are probably 
much more common than limestones which have been made permeable by 
erosion. They were not discussed at length in my classification because I was 
presenting, not a classification of porous limestones, but a classification of 
limestone reservoirs, which is a very different thing. 


W. V. Howarp 
UNIVERSITY OF ILLINOIS, URBANA, ILLINOIS 
March 24, 1933 


1 W. V. Howard, op. cit., p. 1159 and elsewhere by other authors. 


_ ? John G. Bartram, “Character of Producing Sandstones and Limestones of Wyom- 
ing and Montana,” Bull. Amer. Assoc. Petrol. Geol., Vol. 16, No. 9 (September, 1932), 
pp. 871. 

’ Horace D. Thomas, Discussion of Bartram’s paper, Bull. Amer. Assoc. Petrol. 
Geol., Vol. 17, No. 3 (March, 1933), pp. 268-69. 

* William H. Twenhofel, Treatise on Sedimentation, 2d ed. (Williams and Wilkins 
Company, Baltimore, 1932), p. 329. 

5 W. V. Howard, op. cit., p. 1155. 
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REVIEWS AND NEW PUBLICATIONS 


The Story of a Billion Years. By W. O. Hotcuxiss. (The Williams and Wilkins 
Company, Baltimore, Maryland, 1933.) 137 pp. Price, $1.00. 


The Story of a Billion Years was written for the layman, chiefly; it is one 
of 20 books in a “Century of Progress Series.’”? The author states that 
a proper understanding of geology and the great lessons it teaches means much to each 


of us as intelligent citizens . . . adds much to our pleasure by satisfying in some degree 
the curiosity concerning his ordinary surroundings. 


In the story Dr. Hotchkiss has promoted such an understanding by describing 
in simple words wisely selected subjects from the science of geology. Short 
chapters on the surface features, origin of the earth, age of the earth, climates 
of the past, the Ice Age, and others, ten in all, make up the book. These sub- 
jects are treated as a coherent narrative interestingly told. The author illus- 
trates the processes of sedimentation and erosion plainly and forcefully by 
describing an old mill pond in Wisconsin that was partially filled with alter- 
nate layers of mud and leaves which were later exposed in a channel cut by 
the stream following the breaking of the pond dam. The observations made 
at the mill pond are recalled to the reader repeatedly in the story. In order 
to visualize the tremendous length of time that has passed since sedimentary 
processes began operating on the earth, the author asks the reader to imagine 
a man so small that he takes 16 steps to one inch and so slow that he takes 
but one step a year. The reader is reminded that if this man lived in New 
York and wanted to walk to the Century of Progress exposition in Chicago 
it would take him one billion years to make the trip. At the same rate oi 
movement—1/16 inch a year—a mountain range such as the Rockies could 
be raised from sea-level and lowered back to sea-level 160 times in a billion 
years. 

In a chapter entitled ‘The record of living things” the author briefly and 
clearly explains the evolution of plants and animals as revealed by their re- 
mains found preserved in the rocks. His discussion of ‘Geologic resources we 
use” should be particularly interesting to those of us who work with mineral 
fuels. The use of mechanical power, which distinguishes our civilization from 
those that preceded it, is estimated as placing at the disposal of each man, 
woman, and child in the United States the equivalent of the muscle power of 
80 slaves of earlier civilizations. This advance has been accomplished by the 
utilization of our mineral fuels and metals. It issomewhat astounding that up 
to 1928 only 22 per cent of all coal mined and 4 per cent of all oil produced was 
used prior to 1900, and 78 per cent of the coal and 96 per cent of the oil was 
used afterward. Approximately as much of the metals has been used since 
IQI5 as was used in all our previous history. 

The reviewer feels that in writing The Story of a Billion Years the author 
has accomplished his purpose of “promoting a better understanding of the 
part science plays in our great civilization.” The book is recommended as one 
that will be interesting to all geologists and one that they should commend 


566 


REVIEWS AND NEW PUBLICATION 567 


to their laymen friends. It has only 137 small pages; is printed in compara- 
tively large type; and can be read leisurely in three evenings of an hour each. 


N. W. Bass 
Wicuita, KANSAS 
March 24, 1933 


Oil and Gas Resources of New Mexico. By DEAN E. WINCHESTER. New Mexico 
School of Mines, State Bur. Mines and Mineral Resources Bull. g (Socorro, 
New Mexico, 1933). 223 pp., 11 figs., 33 pls. Paper bound. Price, $1.50. 


This bulletin is a compendium of the history, geology, and resources of 
oil and gas in New Mexico. It also includes information on such related sub- 
jects as pipe lines and refineries. In it data, descriptions, photographs, struc- 
ture-contour maps, and cross sections, heretofore scattered through a hundred 
publications, are brought together with unpublished information from the 
files of oil companies. Necessarily it is largely a compilation, but it also con- 
tains new maps drawn by the author as well as his conclusions and predic- 
tions. It is an indispensable handbook for New Mexico geologists. 

The state is usefully divided into five geologic provinces or areas. The 
possibility of deep production in the Northwest Area has been demonstrated 
by the discovery of “Pennsylvanian oil” [possibly Ordovician] in Rattlesnake 
dome. In the Northeast Area “‘deeper drilling is warranted ... to test the 
lower Permian and underlying Pennsylvanian rocks.”’ This is true, but the 
conclusion that all wells in the Northeast Area reported in “granite” were 
really in “granite wash” is over-optimistic. The great untested possibilities 
of the Southeast Area are pointed out. Because of faulting, excessive folding, 
igneous intrusion, and the presence of unknown thicknesses of Recent de- 
posits in the intermontane basins, the Median Area and the Southwest Area 
are “not attractive as prospecting ground for oil and gas.” 

Five large maps are folded into a back pocket: (1) areal geology of the 
state; (2) map of the state showing fields, structures, pipe lines, refineries, and 
wells; (3) The U. S. Geological Survey’s structure map of the Artesia field 
(the closure shown on this map is questionable) ; (4) structure in northwestern 
San Juan County; (5) structure in a part of Rio Arriba County. Several 
original structure-contour maps of the new fields in the Southeast Area are 
given; also two cross sections based on well logs. 

RONALD K. DEForpD 

GOLDEN, COLORADO 

March 27, 1933 


Earth Oil. By Gustav Ectorr. (The Williams and Wilkins Company, Balti- 
more, 1933-) 158 pp., 41 figs. Cloth. 714 <5. Price, $1.00. 


This book is one of “A series of volumes by well-known scholars presenting 
the essential features of those fundamental sciences which are the foundation 
stones of modern industry.’”’ Such books make up what is known as a “Cen- 
tury of Progress Series,” published in codperation with the Century of 
Progress Exposition at Chicago, this year. 
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Earth Oil contains eleven chapters with subjects as follows: Antiquity of 
Oil, Locating Oil, Drilling, Geology and Theories of Oil Origin, Crude Oils, 
Storage, Oil Transportation, Corrosion, Refining, Uses of Petroleum Products, 
Oil Resources. 

This is a bright, racy, and interesting story of petroleum in all its phases. 
It is illuminating like petroleum itself and written in a style that suggests the 
smooth operation that results from good lubrication. This book is a veritable 
lode in the vein of petroleum knowledge for the layman. Technical terms are 
largely removed, but the facts are included so that any intelligent mind may 
easily grasp them. The reader has the feeling that with a little pressure of 
concentration removed, each chapter would expand into a volume. It is really 
eleven books in one reduced to a size that readily fits the side pocket of a coat. 

The author has put meat into every paragraph and the story of oil runs 
along through the book like a moving picture. It will undoubtedly go a long 
way in educating the public on the nature of oil and the oil industry. More- 
over, it contains historical facts and other information that one is likely not to 
know even though he is a close student of the oil business. It is a handy refer- 
ence book. 

The publishers list the titles of nineteen other books in the “Century of 
Progress Series,” each with a list price of one dollar per volume. “Many hands 
and minds contribute to the manufacture of a book, in this day of specializa- 
tion;” so states a sentence under the heading “‘Sans Tache’”’ at the close; the 
Waverly Press, Inc., lists the members of their staff who contributed the 
“skill of hand and brain” to make this volume one of good craftsmanship. 

James H. GARDNER 

TuLsA, OKLAHOMA 

March, 1933 


RECENT PUBLICATIONS 
AUSTRIA 
“Zur Geschichte der Erdél- und Erdgasfunde in Osterreich” (The History 


of Exploration for Petroleum and Natural Gas in Austria), by Anton Pois. 
Petrol. Zeit. (Berlin), Vol. 29, No. 10 (March 8, 1933), pp. 2-13; 15 figs. 
GEOPHYSICS 
“Einige Bemerkungen zur Entwicklung der schwedischen geo-elektrischen 
Methoden fiir Aufsuchung von Erdélstrukturen” (A Few Notes on the De- 


velopment of the Swedish Geo-Electrical Methods for Finding Oil Structure) 
by Otto Meier. Petrol. Zeit. (March 8, 1933), pp. 14-16; 2 figs. 


SOUTH AMERICA 

Geologie Siidamerikas (Geology of South America), by H. Gerth. Part 1, 
vii + 198 pp., 17 tables, 38 figs. (Gebriider Borntraeger, Berlin, 1933.) 
Cloth. Price, 22 RM. 

UTAH 

Preliminary Map Showing Geologic Structure of Parts of Emery, Wayne, 
and Garfield Counties, Utah, by A. A. Baker et al. U. S. Geol. Survey, Wash- 
ington, D. C.; R. R. Woolley, 313 Federal Building, Salt Lake City, Utah; 
Robert Follansbee, 403 Post Office Building, Denver, Colorado. One sheet, 
28 X 45 inches. Contour map. 
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MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 
The executive committee has approved for publication the names of the 
following candidates for membership in the Association. This does not con- 
stitute an election, but places the names before the membership at large. If 
any member has information bearing on the qualifications of these nominees, 
he should send it promptly to J. P. D. Hull, business manager, Box 1852, 
Tulsa, Oklahoma. (Names of sponsors are placed beneath the name of each 
nominee.) 
FOR ASSOCIATE MEMBERSHIP 

Clenon C. Hemsell, Monroe, La. 

L. M. Oles, Victor Cotner, H. E. Crum 
Everett Orr, Marlow, Okla. 

C. E. Decker, G. E. Anderson, V. E. Monnett 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Fred Brasted, Jr., Shawnee, Okla. 

H. H. Kister, E. F. Shea, A. L. Solliday 
Hans Hlauschek, Prague, Czechoslovakia 

J. Elmer Thomas, Donald C. Barton, Clyde M. Bennett 
Donald E. Mathes, Houston, Tex. 

F, C. Sealey, Victor E. Lieb, Edwin B. Hopkins 


EIGHTEENTH ANNUAL MEETING 
THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
RICE HOTEL, HOUSTON, TEXAS, MARCH 23-25, 1933 


The eighteenth annual meeting was a happy and in fact a surprisingly 
successful ending of the third year of a declining curve of prosperity for pe- 
troleum geologists. A feeling that the curve was approaching rock bottom 
pervaded the meeting. Perhaps the facts were not in hand to prove an upward 
turn, but there was evidence that geologists had already reached a new eco- 
nomic “low” and were becoming adjusted to synclinal conditions. Adjusta- 
bility to changing conditions has always been considered a necessity to 
successful geologists. The past 3 years have tried the mettle of the geologist 
and he has been found convertible to other values. It has been disappointing 
to find high anticlines dry, but it has not been displeasing to find large basins 
surprisingly high and productive in spots. After all, the geologist is at his best 
when he is re-interpreting old facts in the light of new data. He can and is 
adjusting himself to changing conditions. 

Houston was the wise and fortunate choice for the 1933 meeting. It was 
geographically accessible, and as the “‘Oil Capital’’ of the Gulf Coastal Plain 
it was the center of attraction for a large attendance. The elimination of the 
registration fee, the determination of the local committee to provide enter- 
tainment on the pay-as-you-go plan, the proposal to reduce annual dues, and 
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general plan to minimize all convention expenses were other factors in bring- 
ing out a large attendance. However, the bogies of unemployment and bank 
restrictions considerably hampered all plans. Three days before the meeting, 
150 reservations were reported by the hotels,—only a fraction of the reserva- 
tions in previous years. The finally registered attendance was one of the happy 
surprises,—1,021 total,—more than that of the previous year. Another en- 
couraging record was the receipt at the meeting of a larger total amount for 
dues and sale of publications than had been received at any of the three im- 
mediately previous conventions. There were more advertising exhibitors than 
there were at the convention last year. 

The Rice Hotel was comfortably commodious for the convention head- 
quarters. Registration, exhibits, all technical and business sessions, and many 
of the committee meetings were held on the mezzanine. As may be seen from 
the schedule of events and the list of papers, the three official days of the 
convention were full of activity. Committee meetings were held on two days 
preceding the convention, and field trips kept many members through Sun- 
day, following the regular program. 

The convention was officially opened Thursday morning in the Main Ball 
Room by John M. Vetter, president of the Houston Geological Society, who 
reminded his hearers that the local society had been host to the Association 
also in 1924. Mr. Vetter introduced Mayor Walter E. Montieth, who wel- 
comed the Association to Houston, “the new oil capital,” with an invitation 
to make Houston the permanent headquarters of the Association. 

President Lahee delivered his presidential address ‘‘Petroleum Geology,” 
and presided at the morning session at which were read the first papers in the 
general interest group. Other groups of papers presented in the Main Ball 
Room during the convention were the symposium on the Gulf Coast; Texas 
Outside the Gulf Coast; Northeastern New Mexcio; Areas Outside Texas, 
Louisiana, and Northeastern Mexico. 

The Division of Paleontology and Mineralogy and the Division of Geo- 
physics presented concurrent programs in Private Dining Rooms A and C, 
respectively. The Houston meeting was the first meeting of the geophysicists 
after being chartered as a technical division of the Association. 

Tea was served for visiting ladies at Cohen House, Rice Institute, by 
courtesy of the faculty of the Institute and the Houston geologists. Several 
home receptions were given by the wives of local geologists. 

The general entertainment was a dinner and dance at the Rice Hotel on 
Friday night. The local committee reverted to the annual banquet which had 
not been officially recognized for several years. More than 700 were seated in 
the Main Ball Room, and the adjoining corridor and Green Parlor. The fea- 
tured entertainers used loud-speakers on the Ball Room stage so that all 
could appreciate their songs and quips. Walter Jenkins, foreman of Joe D. 
Hughes Ranch, as “Vaquero Minstrel,’’ was warmly encored for his vigorous 
and colorful portrayals in song. Dr. F. Stormingham Carothers, B. S., Phd., 
LLD., BVD., IOU., of Goose Creek, Texas, announced as the world’s au- 
thority on subsidence, gave loquacious though refreshingly frank attention 
to the weaknesses of Association officials past, present, and future, who were 
seated at the long speakers’ table extending along one side of the room. The 
dinner began long after the scheduled hour of eight and the ball following the 
Goose Creek subsidence continued with full measure to three o’clock. 
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Always a matter of surprise is the attendance at early Saturday morning 
annual business meeting, of members who also attended the earlier Saturday 
morning dance finale. The temerity of the committees in mapping these two 
“highs” so close together seems contrary to the general belief in economic spac- 
ing. However, the announcement that the results of annual election of officers 
will be made at the beginning of the business meeting usually acts as a morning 
eye-opener after the annual frolic. This year, special interest shown previous 
to the meeting in plans to reduce dues also brought out a good attendance at 
the business meeting. The results of the election and the details of the re- 
duction in dues, which were two outstanding events of the meeting, are re- 
corded in the business minutes elsewhere in this number of the Bulletin. 

On Saturday afternoon 55 persons went by bus to the Conroe field, and 
on Sunday 23 went by bus to the Humble’s Sugarland oil field and the Texas 
Gulf Sulphur Company’s Boling dome sulphur mine, each a remarkable ex- 
ample of up-to-date operation of salt-dome structure. 


Go.tr TouRNAMENT 


The annual J. Wallace Bostick golf trophy tournament was held at River 
Oaks Country Club. This was a handicap competition. Nineteen members 
and 22 non-member guests participated. Edgar Tobin of San Antonio, Texas, 
non-member guest, won the Bostick cup and Donald E. Mathes, Houston, 
Texas, member winner, will have his name also engraved on the Bostick 
trophy at Association headquarters. The scores follow. 


Guest winner Score 


Edgar Tobin, San Antonio, Texas 119 

B. M. Nowery, Houston, Texas—Runner-up 127 
Member winner 

Donald E. Mathes, Houston, Texas 122 

I. Z. Sorenson, Kilgore, Texas—Runner-up 124 
Low gross scores 

Guest—Ed Tyer, Houston, Texas 151 

Member—J. N. Gregory, San Angelo, Texas 156 


DIVISION OF PALEONTOLOGY AND MINERALOGY 


The seventh annual meeting of the Society of Economic Paleontologists 
and Mineralogists was held as a concurrent meeting of the convention. 
Twenty-four papers were scheduled on the technical program. The following 
officers were elected: president, F. B. Plummer, Austin, Texas; vice-presi- 
dent, H. G. ScHENcK, Palo Alto, California; secretary-treasurer, GAYLE 
Scott, Fort Worth, Texas; editor, R. C. Moore, Lawrence, Kansas. 


DIVISION OF GEOPHYSICS 
The fourth annual meeting of the Society of Petroleum Geophysicists was 
held on Friday. Nine papers were presented. The following officers were 
elected: president, EUGENE McDermott, Dallas, Texas; vice-president, 
J. P. Scuumacner, Houston, Texas; secretary-treasurer, J. F. WEINZIERL, 
Houston, Texas; editor, L. W. BLav, Houston, Texas. 


REGISTRATION 


Total registration at the convention was 1,021, classified as follows: 2 
honorary members, 427 members, 77 associates, 245 non-member men, and 
270 non-member ladies. 
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EXECUTIVE COMMITTEE 


Frederic H. Lahee, chairman; William B. Heroy, secretary; L. P. Garrett, 
R. D. Reed, R. J. Riggs 


Houston GEOLOGICAL SOCIETY 


John M. Vetter, president; Sidney A. Judson, vice-president; John C. 
Miller, secretary-treasurer 


Houston COMMITTEES 


General.—Alexander Deussen, chairman; L. P. Garrett, Fred C. Sealey, 
W. E. Pratt, John M. Vetter 

Technical—D. C. Barton, chairman; L. T. Barrow, George Bevier, 
Homer A. Noble, R. B. Paxton, H. W. Rose, F. W. Rolshausen, L. A. Scholl, 
Paul Weaver, L. H. Williams 

Finance.—Ben C. Belt, chairman; D. M. Cashin, Phil F. Martyn, J. C. 
Miller, A. T. Schwennesen 

Reception —George Sawtelle, chairman; A. C. Ellisor, M. C. Israelsky, 
S. A. Judson, J. E. LaRue, John C. Myers, Russell F. Ryan 

Entertainment.—J. R. Suman, chairman; Frank C. Adams, M. M. Korn- 
feld, Paul B. Leavenworth, Elton Rhine, E. P. Tatum, John F. Weinzierl, 
Karl E. Young 

Registration.—J. B. Eby, chairman; L. G. Christie, Donald B. Davis, 
J. D. Hedley, W. F. Henniger, D. E. Mathes, B. G. Van Roeder, Cornelius 
Schnurr, J. N. Troxell 

Exhibits —Paul B. Hunter, chairman; J. B. Best, E. V. Hanson, Victor E. 
Lieb, H. E. Minor 

Publicity —M. A. Hanna, chairman; Jack Logan, E. E. Rosaire, Neil 
Williams 

Trips.—L. P. Teas, chairman; W. F. Bowman, W. B. McCarter, M. H. 
Steig, C. H. Ritz, A. G. Wolf 

Golf.—John S. Ivy, chairman; Dave P. Carlton, J. C. Cruze, P. S. Justice, 
C. A. Russell 

Ladies Entertainment.—Mrs. D. C. Barton, chairman; Mrs. L. T. Bar- 
row, Mrs. L. P. Garrett, Mrs. J. C. Miller, Mrs. W. E. Pratt, Mrs. J. R. 
Suman, Miss Elizabeth Stiles 


SCHEDULE OF EVENTS 
(All meetings and sessions on mezzanine, Rice Hotel, 
unless otherwise announced) 
TUESDAY, MARCH 21 (PRE-CONVENTION) 
. M. Executive committee, F. H. Lahee, chairman 
. M. Committee on geologic names and correlations, M. G. Cheney, chairman 
WEDNESDAY, MARCH 22 (PRE-CONVENTION) 


A. M. Registration 
M. Committee on public relations, F. H. Lahee, chairman. Private Dining 
Room A 
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. Business meeting, research committee, Alex. W. McCoy, chairman 

. General business committee, F. A. Morgan, chairman. Private Dining 
Room A 

. Informal dinner, research committee, followed by round table discussion 
of “Origin, Evolution, and Migration of Petroleum.’’ Open to non- 
members of the research committee, who can contribute pertinently to 
the discussion. 


THURSDAY, MARCH 23 (CONVENTION) 

. Registration 

. Address of welcome. Response and presidential address. Main Ball Room 

. Technical session: papers of general interest 

. College and fraternity luncheons. Details at registration desk 

. Technical session: symposium on Gulf Coast. Main Ball Room 

. Tea for visiting ladies. Cohen House, Rice Institute 

. Announcements, nomination of officers, appointment of committees. 
Main Ball Room 

Report on activities of Division of Geology and Geography, National 
Research Council, Raymond C. Moore 


FRIDAY, MARCH 24 (CONVENTION) 


. Ballot boxes open, Association booth. Mezzanine 

. Technical session, Society of Economic Paleontologists and Mineralo- 
gists. Private Dining Room A 

. Papers of general interest. Main Ball Room 


M. Symposium on Gulf Coast. Texas other than Gulf Coast. Northeastern 


Mexico. Main Ball Room 

. Paleontologists’ luncheon 

Geophysicists’ luncheon 

Sigma Gamma Epsilon luncheon 

College and fraternity luncheons 

. Technical session, Society of Economic Paleontologists and Mineralo- 
gists. Private Dining Room A 

. Geophysics papers of general interest. Presidential address, Society of 
Petroleum Geophysicists. Main Ball Room 

. Society of Petroleum Geophysicists. Annual business meeting. Technical 
sessions. Private Dining Room C 

. Papers of general interest. Main Ball Room 

Unfinished program from symposium on Gulf Coast, etc., Friday A. M. 
. Society of Economic Paleontologists and Mineralogists. Business meet- 
ing. Private Dining Room A 


M. Banquet and dance. Main Ball Room 


SATURDAY, MARCH 25 (CONVENTION) 


. Eighteenth annual business meeting. Announcement of elections. Main 
Ball Room 

. Executive committes, joint meeting 1932 and 1933 officers 

. Papers on areas outside Texas, Louisiana, and northeastern Mexico. 
Main Ball Room 

. Research committee, round table discussion. Private Dining Room C 

. Society of Economic Paleontologists and Mineralogists (unfinished 
program from Friday P. M.). Private Dining Room A 

. Society of Petroleum Geophysicists (unfinished program from Friday 
P. M.) 

. Conroe field trip 


SUNDAY, MARCH 25 (POST-CONVENTION) 


. Field trip to the Sugarland oil field and to Boling (salt dome) oil field and 
the New Gulf sulphur mine of the Texas Gulf Coast Sulphur Company 
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TECHNICAL PROGRAM 


I. PAPERS OF GENERAL INTEREST 


. Freperic H. LAHEE, Petroleum Geology 

. H. D. Miser, Relation of Ouachita Geosyncline to Oil and Gas Fields of Southern 
Mid-Continent Region 

. A. I. LEvorsEn, Studies in Paleogeology 

. PARKER D. Trask, HARALD E. HAmMar, and W. Ross KeEvrE, Preliminary Study 
of Source Beds in Some Oil-Producing Regions 

. Parker D. Trask and Haratp E. Hammar, Preliminary Study of Source Beds in 
Mesozoic Rocks West of Sacramento River, California 

. Geo. Epwin Dorsey, Preservation of Oil During Erosion of Reservoir Rocks 

. R. D. REEp, Oil-Bearing Pliocene Beds of Southern California 

. Rosert Dott, Structural History of Arbuckle Mountains, Oklahoma, in Pennsyl- 
vanian Time 

. Joun L. Ricu, Nature and Mechanics of Low-Angle Overthrusting as Illustrated 
by the Cumberland Overthrust Block 

. THEODORE A. LINK, Nature and Importance of Century of Progress Petroleum 
Exhibit at Chicago 

. D. M. CoLtrncwoop and F. E. HEatu, Study of Bottom-Hole Pressures in East 
Texas Field 

. H. D. WILbE, Jr., and F. H. Lawer, Value of Gas Conservation and Efficient Use 
of Natural Water Drive as Demonstrated by Laboratory Models 

. R. B. Warreneap, G. Kemp, and R. H. Fas, Permeability Experiments on Cores 
of Woodbine Sand 


II. SYMPOSIUM ON GULF COAST AND TEXAS OUTSIDE GULF COAST 


. W. F. Bowman and Russe. Ryan, Conroe Oil Field, Montgomery County, Texas 
2. H. V. Howe, Review of Tertiary and Quaternary Stratigraphy of Southern 


Louisiana 
. F.B. PLumMer, Review of Classification of Tertiary Strata of Texas and Discussion 
of Significant Horizons in Gulf Coast Section 
. ALEXANDER DEuSSEN, Producing Horizons in Gulf Coast 
5. J. B. Esy, Review of Developments in Gulf Coast During Recent Past 
. Donan C. Barton, C. H. Ritz, and M. Hickey, Gulf Coast Geosyncline 
. Atva C. ELttsor, Correlation of the Jackson Group of Texas, with Notes on Frio 
and Vicksburg 
. W. B. McCarter and P. H. O’Bannon, Sugarland Oil Field, Fort Bend County, 
Texas 
. S. A. Jupson and R. A. Stamey, Overhanging Salt on Salt Domes of Texas and 
Louisiana 
. Marcus A. Hanna and ALBERT G. Wo tr, Texas and Louisiana Salt Dome Cap 
Rock Minerals 
. W. ArMsTRONG Price, Origin of Caliche, and Reynosa Problem of South Texas 
. W. ARMSTRONG Price, Possible Réle of Diastrophism in Topography of Corpus 
Christi Area, South Texas 
. ALEXANDER DEUSSEN and EvERT W. ANDRAU, Orange, Texas, Oil Field 
. Frep P. SHayes, Surface and Subsurface Relationships of Yegua, Jackson, and 
Frio Formations in Southwest Texas 
5. Donatp C. Barton, Surface Fractures of South Texas 
6. L. P. Teas and C. R. MILter, Raccoon Bend Oil Field, Austin County, Texas 
7. Paut B. Hunter and Paut Vauport, Black Bayou Salt Dome, Cameron Parish, 
Louisiana 
. W. ArMstTRONG Price, Geology of Natural Gas Fields at White Point, Saxet, and 
Edna, South Texas 
I. R. SHELDON, Driscoll Pool, Duval County, Texas 
. Don Danvers and OLIN G. BELL, Carolina-Texas and Laurel Fields, Webb 
County, Texas 
. A. R. Denison, A. E. OtpHaM, and J. W. KistrNc, Structure and Stratigraphy of 
Kelsey Dome, Upshur County, Texas 
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. Davin J. CRAwForD, Studies Along Part of Mexia Fault Zone, Texas 
. Wixiram G. Kane and Guy B. Grernarp, Areal Geology of Eocene North of Rio 
San Juan, Northeastern Mexico 
24. P. B. Kine, Some Structural Features of Trans-Pecos Texas 
;. FRED M. Butiarp and Rospert H. Cuy_er, Upper Pennsylvanian Section of 
Colorado River Valley, Texas 


III. PAPERS ON AREAS OUTSIDE TEXAS, LOUISIANA, AND 
NORTHEASTERN MEXICO 


. W. H. Bucuer, R. T. CHAMBERLIN, and W. T. Tuo, JR., Results of Structural 
Research Work in Beartooth-Bighorn Region 

. A. A. BAKER and C. H. Dang, Structure of Southeastern Utah 

. A. A. Baker, C. H. Dang, and J. B. REEstpE, Jr., Pennsylvanian Salt-Bearing 
Paradox Formation of Eastern Utah and Western Colorado 

. H. L. Gritey, Subdivision of Quartermaster Formation of Oklahoma, its Relation- 
ship to Known Triassic of Texas Panhandle 

. J. HARLAN Jonnson and A. E. BRAINERD, Upper Paleozoic Red Beds of Colorado 

. J. HARLAN Jounson and A. E. BRAINERD, Mississippian of Colorado 

. J. S. Irwin, Cut Bank Oil and Gas Field, Glacier County, Montana 

3. H. RoGers VAN GILpER, Geology of Potter and McKean Counties, Pennsylvania 

. M. N. BRAMLETTE, Petrographic Studies on Correlation of Sands from Kettleman 
Hills, California 


IV. GEOPHYSICS 


. Pau WEAVER, Relations of Geophysics to Geology 

. C. E. VAN ORsTRAND, Some Possible Applications of Geothermics to Geology 

3. Donatp C. Barton, Geophysical Survey of Munich Tertiary Basin, Bavaria 

. B. B. WEATHERBY, W. T. Born, and R. L. Harprnc, Granite and Limestone 
Velocity Determination in Arbuckle Mountains, Oklahoma 

. L. G. HowE tt, Radio- Activity of Soil Gas 

. E. E. Rosarre, Seismic Reflections in Gulf Coast and Their Limitations 

. W.P. Jenny, Experimental Interpretation of Magnetic and Gravimetric Anomalies 

3. E. E. BLoNDEAU, Critical Review of Recent Literature on Seismic Travel Paths 

. E. G. LEonaRDoN, Some Practical Results Obtained in Electrical Prospecting, 
With Special Reference to Oil Exploration 


V. PALEONTOLOGY AND MINERALOGY 
GENERAL 


1. C. I. ALEXANDER and C. W. ALEXANDER, Reversal of Valve Size and Hinge Struc- 
ture in Species of Genus Cytheridea 

2. H. V. Howe and Wm. E. WaALLAcE, Apertural Characteristics of Genus Hant- 
kenina with Description of New Species 

3. J. HarRLan Jounson, Geologic History of Lime-Secreting Algae 


PALEOZOIC 


1. H. A. IRELAND, Insoluble Residues as Criteria for Pre-Pennsylvanian Correlation 
in Oklahoma 

2. RuDoLF RUEDEMANN and CuHar Es E. DEcKER, Graptolites of Viola Limestone 

3. Joun R. Batt, Bainbridgia Typicalis, New Genus of Silurian Auloporidae 

4. R. W. Harris, New Species Fayetteville Ostracoda from Washington County, 
Arkansas 

5. R. V. HoLtrncswor's, Paleontological Notes Concerning Savanna Formation in 
McAlester Quadrangle, Oklahoma 

6. C. L. Cooksey, Significant Micro-Fauna from Boggy Formation of Oklahoma 

7. Dan J. Jones and J. Wr1tuts STovaALL, Notes on New Occurrence of Petrodus 

8. J. HARLAN JoHNSON, Fossil Algae from Carboniferous of Central Colorado 

9. Wm. B. Kramer, III, Glansoceras, New Carboniferous Actinoceroid 
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MESOZOIC 
1. JoHN R. SANDIDGE, Foraminifera from Jurassic of Montana 
. G. M. Harris, New Species Foraminifera and Ostracoda from Duck Creek and 
Fort Worth of Southeastern Oklahoma 
. L. W. STEPHENSON, Zone of Exogyra Cancellata Traced 2,500 Miles 
. C. I. ALEXANDER, Shell Structure of Ostracod Genus Cytheropteron, and Fossil 
Species from Cretaceous of Texas 
. W.S. Apxkins, New Ammonite Fauna from Mexican Turonian 
. M. C. IsraEtsky and A. R. MorRNuINVEG, Foraminifera and Ostracoda in Section 
of Brownstown (Restricted) of Southwest Arkansas 
‘ENOZOIC 
1. F. B. Plummer, Important Zone Fossils of Tertiary and Their Identification 
2. H. B. STENzEL, Genus Buccitriton as Subsurface Guide Fossil 
3. H. C. VANDERPOOL, Lower Marine Miocene at Stratton Ridge, Brazoria County, 
Texas 
4. FRANCES CHARLTON, Foraminifera from Type Locality of Bowden Marl, Jamaica 
5. Wm. F. Barsat and Fioyp L. Jounson, Stratigraphy and Foraminifera of Reef 
Ridge Shale, California 
HEAVY MINERALS 
1. Wm. M. CoGEN, Some Suggestions for Heavy Mineral Investigations 


MINUTES, EIGHTEENTH ANNUAL BUSINESS MEETING 
RICE HOTEL, HOUSTON, TEXAS 
MARCH 23-25, 1933 


FREDERIC H. LAHEE, presiding 


The meeting was called to order at 5:00 P.M., March 23, 1933, by president 
Frederic H. Lahee. William B. Heroy acted as secretary. 


1. Nomination of officers—The president called for nominations of officers 
of the Association for the year 1933-34 and the following nominations were 
made. 

For president, FRANK R. CLARK, nominated by K. C. Heald 

Dona.p C. BARTON, nominated by F. B. Plummer 

For vice-president, GEORGE SAWTELLE, nominated by John R. Suman 

For secretary-treasurer, W1LttIAM B. HERoy, nominated by Frank A. Morgan 

For editor, LUTHER C. SNIDER, nominated by E. DeGolyer 


2. Qualifications for voting —It was moved, seconded, and carried that 
members who have paid any part of their current dues and are otherwise 
qualified under the Constitution shall be permitted to vote at the present 
meeting of the Association. 

President Lahee appointed the following committees. 

3. Resolutions committee—C. H. Wegemann, C. H. Row, Irving Perrine 

4. Ballot committee.—C. E. Dobbin, L. L. Foley, F. B. Plummer. 

The meeting adjourned at 5:30 p.m. until March 25, 1933, at 9:00 A.M. 

The adjourned meeting was called to order at 9:30 A.M., March 25, 1933, 
by president F. H. Lahee. 

1. Reading of minutes—It was moved, seconded, and carried that the 
reading of the minutes of the annual meeting held at Oklahoma City, Okla- 
homa, March 24-26, 1932, be dispensed with, inasmuch as they had been 
published in the Bulletin. 
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2. Report of ballot committee——The ballot committee reported the election 
of the following officers: president, Frank R. Clark; vice-president, George 
Sawtelle; secretary-treasurer, William B. Heroy; editor, L. C. Snider. The 
report of the ballot committee is attached as Exhibit I. 

3. Reports of officers.—The reports of president Frederic H. Lahee, secre- 
tary-treasurer William B. Heroy, and editor Ralph D. Reed were read 
(Exhibits II, III, IV). 

4. Report of general business committee-—The report of the general 
business committee (Exhibit V) was made by the chairman, Frank A. Morgan. 
The various recommendations contained therein were considered in order by 
the meeting and each in turn was adopted. The amendment to the By-Laws 
proposed by the committee was adopted by the meeting without dissenting 
vote. The reports of the representative of the Association on the Division of 
Geology and Geography, National Research Council, Raymond C. Moore; 
of the research committee, Alex. W. McCoy, chairman; of the committee on 
geologic names and correlations, M. G. Cheney, chairman; and of the com- 
mittee on public relations, F. H. Lahee, chairman, are attached to these 
minutes as Exhibits VI to IX, respectively. 

5. Report of resolutions committee.—The report of the resolutions commit- 
tee (Exhibit X) was unanimously adopted. 

6. Introduction of new officers.—Retiring president F. H. Lahee introduced 
to the meeting the new president, Frank R. Clark, and the new vice-president, 
George Sawtelle; the editor, L. C. Snider, was absent. 

The eighteenth annual business meeting adjourned at 11:00 A.M. 


W1Li1aM B. HERoy, secretary FREDERIC H. LAHEE, president 


ExuiBiT I. Report oF BALLOT COMMITTEE 


Number of ballots cast 266 
Defective ballots 7 


Number of valid ballots 259 
For president, FRANK R. CLARK 208 
Donatp C. BARTON 


Total 259 
For vice-president, GEORGE SAWTELLE 250 
For secretary-treasurer, WILLIAM B, HERoy 259 
For editor, L. C. SNIDER 259 


C. E. Dossin, chairman F. B. PLUMMER L. L. FoLry 


Exursit II. REPORT OF PRESIDENT 


(Association Affairs, March, 1932-March, 1933) 
Fellow Members and Associates: 


In reviewing our Association affairs for the year just closing I shall be as 
brief as possible. To this end, except for a few comments of particular import, 
I shall leave to Dr. Reed a discussion of editorial details and to Mr. Heroy a 
presentation of details concerning our financial and membership statistics. 
I shall have very little to say on these matters, important though they are. 

Membership.—I regret to say that 187 members and associates who had 
been delinquent in payment of their dues for two years were dropped from 
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membership last month. After long and careful consideration of this problem, 
the executive committee decided that its only proper course, and the course 
most fair to the Association, was to follow the By-Laws, although it made 
some concession by extending the time for payment of delinquent dues from 
January 1 to February 15. However, in order that these members might still 
derive whatever benefit might come from retention of their names on the 
roster, the executive committee voted that the membership list to be printed 
in the March Bulletin should be as of February 1, 1933. 

We sympathize most sincerely with our more unfortunate members who 
would have liked to continue their relationship with the Association. We 
invite them to return as soon as they are able; and meanwhile we remind those 
who are out of employment that we shall be glad through our headquarters 
office to do everything possible to assist them to make new connections. 

Necrology.—It is with real sorrow that I have to record the deaths of nine 
of our members since March 1, 1932. These members were: J. Claude Jones, 
William Peter Haseman, Charles Ross Schroyer, Reichie Stelfox, George 
Irving Adams, Ulysses S. Grant, Sidney Powers, E. C. Templeton, and W. G. 
Gallagher. In the decease of these members, the Association has suffered a 
severe loss. 

Finances.—Without expounding upon our finances, I must speak of one 
matter because there is danger that it might not receive all the attention 
which it deserves from Mr. Heroy. I refer in general to the problem of printing 
of the Bulletin, but in particular I especially want to mention Mr. Heroy’s 
part in it. In his thorough and painstaking scrutiny of this situation, he was 
fair and he was cautious; and when his detailed analysis was handed to the 
executive committee, there was no possible alternative but to accept his 
recommendations for a complete change in our printing policy. As a result of 
this change, we shall save several thousand dollars a year in printing costs. 
For the committee Mr. Heroy has canvassed the financial situation of the 
Association from every angle and has carefully estimated the budget for 1933. 
In the light of all figures available, we feel that we are warranted in recom- 
mending a 20-per cent reduction in membership dues. In behalf of the Associa- 
tion I wish to extend to Mr. Heroy a vote of thanks for the untiring and 
conscientious manner in which he has conducted the business of his difficult 
office. 

Special publications —Referring now to our special publications, the 
Geology of California, by Ralph Reed, is well on its way to completion. It is 
now in proof, and should be off the press within another month. It is a con- 
tribution of which the Association can be proud, a splendid addition to geo- 
logical literature. It represents hard work, long persistent effort, often amidst 
discouraging conditions. It is essentially a gift to the Association by its 
author, for any profits which may result from its sale will go into the revolving 
publication fund. 

The Geology of Natural Gas is progressing, under the able editorship of 
Henry Ley. It will be a large treatise, possibly in two volumes, but there is 
an immense amount of valuable information contained in its chapters. It 
should find a ready market not only among geologists, but also among business 
men and lawyers directly or indirectly associated with the natural gas in- 
dustry. 

Volume III of Structure of Typical American Oil Fields was organized 
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largely through the efforts of Sidney Powers. At the time of his death, as 
official editor of this book, he was busy reviewing and coérdinating the manu- 
scripts already received. Your executive committee believed that no more 
fitting recognition could be made of Powers’ services to the Association than 
by dedicating to his memory this third volume of a work, to all three volumes 
of which he had given so much of his energy. W. E. Wrather has been officially 
appointed to complete the editing of Volume III. 

Sidney Powers Memorial publication fund.—Sidney Powers was more ac- 
tive than any other member in helping to develop and perfect the publications 
of the Association. Although he submitted many articles himself, yet his 
largest contribution was in encouraging and helping others to write. Your 
executive committee gladly endorsed the proposal made by many of our mem- 
bers that Powers’ memory be perpetuated in the form of a fund for scientific 
publication, which was the activity in which he was himself most concerned. 
We therefore authorized establishment of the Sidney Powers Memorial pub- 
lication fund. To this fund all those of his friends are invited to contribute, 
who are interested in furthering the objects toward which he himself strove. 

Finance committee—In accordance with a recommendation approved at 
the last annual business meeting, a finance committee of three members was 
appointed by the president. This committee has been selected to advise the 
executive committee on all important questions concerning the finances of 
the Association. The members appointed were Joseph E. Pogue, for one year; 
E. DeGolyer for two years; and W. E. Wrather, for three years. Every year, 
hereafter, one new member will be appointed to serve on this committee for a 
term of three years. 

Committee on geologic names and correlations —The committee on geologic 
names and correlations was appointed last year to help our members in prob- 
lems of nomenclature. It was not intended that this committee should be 
arbitrary in making any special requirements of our members. Authors and 
field workers should not hesitate to solicit its advice. As far as possible. it 
urges our members to coéperate with the United States Geological Survey, 
the State surveys, and The Geological Society of America wherever questions 
of correlation need wide discussion, for obviously the best interests of our pro- 
fession are met only in so far as we can all work toward a common under- 
standing of geological problems. 

The committee, as at first selected, seemed not to be wholly representa- 
tive, from a geographical point of view. For this reason additional appoint- 
ments were made from the Rocky Mountain district and the Gulf Coast. We 
recommend the appointment of one more member from the East. 

Research committee—Mr. McCoy, as chairman of the research committee, 
will submit a report on its activities. I want simply to emphasize here that, 
in these days when so much attention is being given, in oil-pool development, 
to the lithological and fluid conditions existing in the reservoir, there should 
be ample opportunity for investigations of these conditions, in laboratory and 
field, under the auspices of our research committee. 

Public relations committee-——As an organization our Association has ac- 
complished a great deal for the industry and for geological science; but I have 
felt that we could do more for the public outside of our comparatively narrow 
limits. Geology in one form or another touches many phases of everyday life, 
yet the average person knows very little about it. For this reason a plan was 
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proposed and authorized at our last annual meeting,! whereby a committee, 
to be known as the committee on public relations, would be appointed with 
the object of informing the public on the meaning and uses of geology. Natu- 
rally, stress would be laid on petroleum geology, but there can be no doubt 
that even general geological information would redound to the benefit of 
petroleum geology as well as to all other branches of applied geology. 

I believe that the functions of this committee, if properly directed, will 
be of tremendous value. The mere fact that this enterprise is large is no reason 
for discouraging it. The only possible objection which I can see is in a mis- 
apprehension that might arise as to its scope, due to the fact that the term 
“public relations’? sometimes connotes politics or propaganda, whereas our 
committee is intended to be essentially educational. To remove this difficulty, 
we have recommended that the name of the committee be changed to com- 
mittee on applications of geology. 

This new committee of our Association was duly appointed by the presi- 
dent, particular care being taken to select members really interested and 
willingly active in educational lines. The committee has been locally very 
energetic during the past year. Your especial attention is called to the museum 
in San Antonio, the educational work in Oklahoma City, and the exhibit 
shown at the Dallas State Fair. Definite programs are now being formulated 
by members of this committee and their chosen subcommittees in Los Angeles, 
San Francisco, Calgary, Denver, and Fort Worth. A more complete review 
of the progress of this committee will be given in the chairman’s report. 

A Century of Progress, Chicago International Exposition A most inter- 
esting and instructive geological exhibit, in connection with the international 
exposition, ““A Century of Progress,” is now in preparation at Chicago. Sev- 
eral of our members, including Dr. Carey Croneis, who is in charge of this 
geological exhibit, Dr. T. A. Link, and Messrs. W. E. Wrather and Theron 
Wasson, have given a great deal of time and thought to the development of 
a display of all phases of the oil industry, from geological field mapping, 
through the processes of drilling and producing to the ultimate stages of re- 
fining and sale of products. I hope that many of our members will visit this 
splendid exhibit while it is open, between June first and November first. It 
will be a most effective educational undertaking, unquestionably with many 
suggestions of value for our public relations committee. 

International Geological Congress.—In accordance with a vote of the As 
sociation,? a second contribution of $500.00 was paid to help defray expenses 
of the 16th International Geological Congress, which will convene in Wash- 
ington during the week beginning next July 22. Preceding, during, and fol 
lowing this week various field trips have been planned, many of them in the 
east, but several extending into the Mid-Continent and to the Pacific Coast. 
Participation in the sessions and field trips of this Congress will afford excel 
lent opportunities for meeting geologists of our country and from many for 
eign countries. 

The following gentlemen have been appointed as delegates representing 
our Association at the 16th Session of the International Geological Congress: 


1 See Resolution 1, Report of Business Committee, this Bulletin, Vol. 16, No. 5 
(May, 1932), p. 521. 
2 See this Bulletin, Vol. 15, No. 5 (May, 1931), p. 584. 
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L. C. Snider from the East, Frank W. DeWolf from the North Mid-Continent, 
James H. Gardner from the Central Mid-Continent, Alexander Deussen from 
the Gulf Coast, and Ralph D. Reed from the Pacific Coast. 

National Research Council.—The annual meeting of the Division of Ge- 
ology and Geography of the National Research Council was held in Washing- 
ton on April 23, 1932. Our Association had two duly appointed representa- 
tives on this Division, namely, Raymond C. Moore and Sidney Powers. Dr. 
Powers attended. Dr. Moore was absent. Dr. Russell S. Knappen has been 
appointed to complete the unexpired term of Dr. Powers. Last December the 
Council reorganized its method of representation with the result that here- 
after our Association will be allowed only one representative. I wish to stress 
the importance of these Division meetings as furnishing opportunity for 
codperative interchange of ideas among members of the various geologic 
sciences. 

Revised Constitution and By-Laws.—By a large majority vote, amend- 
ments to the Constitution and By-Laws, submitted to the membership for 
mail ballot, were approved, the committee on the Constitution and By-Laws 
and the committee appointed to count the ballots were discharged, and the 
revised Constitution and By-Laws were published in the October issue of the 
Bulletin. 

Division of Geophysics.—Pursuant to authority given by resolution of the 
\ssociation at its last annual business meeting, the Society of Petroleum 
Geophysicists was granted a charter to become the Division of Geophysics of 
the Association. We are proud to count this Society as our second major tech- 
nical division. 

Districts—The great influx of geologists into East Texas during the early 
life of the East Texas field led to a request for creation of a new district. Ac- 
cordingly, the Tyler district was constituted, with the privilege of representa- 
tion on the business committee, and boundaries of the Dallas district were 
adjusted to conform with the change. 

State Geologic Map of Texas—Many members of our Association have 
been actively coédperating with the United States Geological Survey in the 
preparation of the state geological map of Texas. On October 8, last year, 
some 60 geologists from all partsof the state met in Austin, under the auspices 
of the Bureau of Economic Geology, for a thorough discussion of numerous 
problems relating to this map. Many difficulties were ironed out, although, as 
might be expected with an undertaking as big as this, some questions re- 
mained unsolved. We look forward to publication of this map by the Survey, 
for it will be of inestimable value to all geologists. 

Presidential trip.—One of the inevitable handicaps of a large organization 
like our own, with its membership so widely distributed, is that many mem- 
bers can seldom or never attend the annual meetings. This is, of course, our 
principal argument for changing our convention city each year. Some time 
ago an important step was taken toward consolidation of our interests when 
we initiated the system of district representation. In recent years attempts 
have been made to knit the organization more firmly together through visits 
and talks by the executive officers at some of the larger local centers of the 
membership. During the year just ending, a very definite effort was made in 
this direction by your president who, with time and expenses generously con- 
tributed by the company with which he is associated, made an extensive trip 
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through the west, including visits to the local geological societies at Los 
Angeles, San Francisco, Calgary, Denver, Wichita, Oklahoma City, and 
Tulsa. Before each of these groups and also, during the winter months, before 
eight other local groups of our membership in Oklahoma, Louisiana, and 
Texas, he spoke on the general affairs of the Association. It is earnestly rec- 
ommended that this precedent be followed in subsequent years, for in no 
other way can the members acquire as clear an idea of the status and objec- 
tives of the Association, and as good an opportunity for informal discussion, 

In closing, it is my pleasure, in behalf of the Association, to thank each 
member of the executive committee for his thoughtful codperation. On the 
part of all, guiding the affairs of this organization requires judgment and tact 
and a great deal of hard work. I also want to express gratitude to the many 
members of committees and local groups, and likewise to our headquarters 
staff, all of whom have helped to make this difficult year one of real accom- 
plishments. 

FREDERIC H. LAHEE, president 


Exursit III. Report oF SECRETARY-TREASURER 
(Year Ending March 25, 1933) 


By an amendment to the Constitution adopted during the year the office 
of second vice-president was changed to that of secretary-treasurer. The sec- 
retary is also ex-officio secretary of the executive committee. 

The Association adopted the amendments to the Constitution and By- 
Laws proposed by the last annual business meeting and these became effec- 
tive August 22, 1932. 

The executive committee has held four meetings during the year. Sum- 
maries of the minutes of the first three meetings have been published in the 
Bulletin. 


MEMBERSHIP 


The secretary records with deepest regret the loss by death during the 
year of the following members of the Association: J. Claude Jones, William 
Peter Haseman, Charles Ross Schroyer, Reichie Stelfox, George Irving 
Adams, Ulysses S. Grant, Sidney Powers, E. C. Templeton, and W. G. 
Gallagher. 

Conditions in the oil industry have resulted in severe losses of member- 
ship, some through resignation, others because of non-payment of dues after 
the expiration of the 2-year period of grace allowed by the By-Laws. Resigna- 
tions total 3c members and associates, while 228 members and associates have 
been dropped. This number of separations is the highest in the history of the 
Association. 

A still more serious loss of membership is threatened for the future. The 
2-year period of grace has not expired with reference to a large group of mem- 
bers who are now in arrears more than one year. 

As of March 1, 1933, 481 members and associates still owed their 1932 
dues. Based on the experience of the present year the Association must face 
the probability that a large number of these members will not be restored to 
good standing. 
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It is gratifying to report that the Association has made substantial gains 
in membership through election. Forty-four members and associates have 
been added to the roll during 1932. The March issue of the Bulletin lists all 
members who were in good standing on February 1, 1933. The accompanying 
tables (I and II) record the total membership by years and the changes in 
membership status this year as compared with last. The geographic distribu- 
tion of members is shown in Table III. 


FINANCES 
GENERAL 


It was evident at the beginning of 1932 that the Association could not 
expect the continuance of the great financial prosperity that it had been ex- 
periencing and which culminated in an income in 1930 of nearly $55,000. The 
large number of members in arrears and the slowness of collections of dues 
served as warning that steps must be taken both to reduce expenses and to 
make the Association’s dollar of expenditure more effective. Early in the year 
the executive committee authorized certain immediate and more obvious 
economies. Salaries had already been substantially cut during 1931 and fur- 
ther retrenchment in this item seemed inadvisable. It was possible to reduce 
the edition of the Bulletin because of further suspension of members. A con- 
siderable saving was also made by the omission from the Bulletin of blank 
pages formerly used to separate the various articles and departments. It was 
realized, however, that still further and large economies would be necessary 
to balance the budget and a careful analysis of all expenses of the Association 
was undertaken with that objective. 

During 1931 the cost of printing the Bulletin had accounted for 67 per cent 
of the expenditures of the Association. The current unit cost was running 
slightly higher than that of 1929. This item of expense was thoroughly studied 
and it soon became apparent that substantial savings in the cost of printing 
and binding might be effected. Time was required for these investigations and 
for the equitable termination of the existing arrangements so that a new 
printing contract could not be put into effect prior to the December number. 
As that number was one of the largest that has been issued, being practically 
double the usual number of pages, the savings made in the cost of printing 
are not reflected to their full extent in the financial statement for 1932. It is 
estimated that the saving in the cost of manufacturing the Bulletin in 1933 
over 1932 will be more than $8,o00. This saving has been effected without 
material change in the make-up of the Bulletin and it should be possible be- 
cause of these economies to continue its present size and quality through 1933. 

While only minor economies could be made effective during the last fiscal 
year, these have been sufficient to permit the Association to show a net profit, 
though a small one, for the year. The income from invested funds was suffi- 
cient to convert a small operating loss into a profit. 

In accordance with the policy previously established by the executive 
committee the value of publications in stock was again reduced, the loss of 
inventory taken amounting to $3,581.12. The reserve for obsolescence set up 
the previous year was discontinued and publications on hand are now ap- 
praised at figures so low that no difficulty should be experienced in realizing 
in the normal course of business the values now established. 
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Because of the ample provision for depreciation of securities made during 
1932 it has been necessary this year to write off only $938.00 additional. All 
securities are carried at the market value. 

On the whole the Association has been fortunate in its investments. Only 
three issues have failed to maintain payments of interest. The principal of 
the defaulted securities totals $6,000.00 and the loss of interest in 1932 was 
$277.50. Depreciation of investments was 31.9 per cent at the close of 1932. 

During the year a contract on very favorable terms has been made for 
the printing of Dr. R. D. Reed’s Geology of California. 

In the administration of the financial affairs of the Association the treas- 
urer has kept constantly in mind the distinction between the two major ac- 
tivities in which it is engaged. The Association functions as an organization 
of professional men desirous of advancing their common interests. It is also 
a business organization engaged in the publication of technical books and a 
magazine. It is important, in the opinion of the treasurer, that the activities 
of the Association in the field of magazine and book publishing should be re- 
garded strictly as a business enterprise. 


AUDIT 


The audit of the books of the Association required by the Constitution 
has been made for the fiscal year ended December 31, 1932. In the March, 
1933, issue of the Bulletin the report of the auditors was published, supported 
by the customary statements. An inventory of printed matter and a schedule 
of investments held by the Association on December 31, 1932, were attached 
to the report but not published. 

Details of the report with comparisons with former years follow. The 
figures given, except where otherwise stated, are on an accrual basis. 


FINANCIAL TRANSACTIONS 


Income.—In the statement of the auditors the income derived from pub- 
lications has this year been segregated from that from other sources in order 
to set forth more clearly the financial operations of the Association as pub 
lishers. This is a departure from previous statements. From the dues of each 
active and associate member $8.00 was set aside as representing the cost of a 
subscription to the Bulletin and this amount was included with the other rev- 
enues from publications. The total thus obtained, $25,535.77, indicates the 
volume of the publishing business of the Association. 

The remainder of the receipts from dues, together with other general re- 
ceipts, may be regarded as revenues available for the carrying on of the busi- 
ness of the Association as a professional society. The amount of such general 
revenues was $16,901.94. 

For purposes of comparison with operations in previous years a table giv- 
ing accrued income by years accompanies this report (Table IV). Total in- 
come for 1932 was 72.8 per cent of that for 1931 and 59.8 per cent of that for 
the peak year, 1930. Of the total income for 1932, 66.3 per cent was derived 
from dues, 15.5 per cent from advertising and subscriptions to the Bulletin, 
9.7 per cent from sale of publications and 3.8 per cent from investments. 

Expenses.—The total expenses of the Association for 1932 were $35,491.54, 
a reduction of $13,745.69 from 1931. Of the total, $11,094.11, 31.3 per cent, 
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represents the expense of operating the Association as an organization while 
$24,397-43, 68.7 per cent, is expense incurred on account of publishing activi- 
ties. Reductions over 1931 were $5,974.61 in General Expense and $7,771.08 
in Publication Expense. The most important were: Salaries, $3,865.66; Print- 
ing Bulletin, $4,706.90; Engravings, $544.55; Bad Debts, $2,430.32. Table V 
compares the itemized expenses of the Association for the 4 years past. 

Net income.—Gross Revenues of the Association for 1932 were $41,437.71, 
with expenses of $35,491.54, leaving Net Income before Depreciation of 
$5,946.17. Reserves for Depreciation of Securities and for Depreciation in 
Inventory have been deducted from income this year to the amount of 
$4,519.12, leaving a Net Accrued Income after depreciation as shown by the 
Profit and Loss Statement of the auditors, of $1,427.05. Net Income before 
depreciation this year was $2,270.58 less than in 1931. 

Depreciation.—Over the last 2 years the Association has suffered severe 
depreciation in the value of its investments. At the end of 1930 the invest- 
ments had a value of $2,144.55 less than cost, while at the end of 1931 the 
reduction in value was $13,953.69. At the end of 1932 the market value was 
$14,351.75 less than cost. 

No allowance was made in 1930 to offset this decline in value but in 1931 
Surplus was reduced $13,413.75 to allow for Depreciation in Investments. In 
1932 the auditors have made a further allowance for depreciation of securities 
of $938.00, charging this directly to income. 

The policy with reference to the depreciation of publications carried in 
stock for sale has varied from year to year. Up to the end of 1930 the inven- 
tory was carried at the cost of printing. In the financial statement for 1931 the 
value of the publications was increased by the addition of overhead cost, but 
a reserve for obsolescence was also set up amounting to $13,747.85 so that the 
Inventory as carried on the balance sheet was $20,740.82. By resolution of 
the executive committee in 1931 it was decided to make further adjustments 
in inventory so as to bring it in line with probable sale value. Accordingly 
much of the stock has now been written down to no value, and at the close 
of 1932 publications with a cost value of $36,677.39 are carried at a net value 
of $17,159.70. Depreciation in inventory to the amount of $3,581.12 has been 
charged to expense, instead of te Surplus as in previous statements. Table VI 
is a summary of income and expense statements for the past 4 years which 
compares the net income before depreciation and shows the effect of adjust- 
ments for depreciation of securities and of inventory, whether deducted from 
income or surplus. 

Cost of Bulletin—During 1932 the cost of manufacturing the Bulletin, 
including printing, engraving, printing separates, and binding, totaled 
$17,591.27, or practically 50 per cent of the expenses of the Association. If to 
this are added overhead expenses of personnel, mailing, et cetera, the total 
for 1932 becomes $24,397.43, as shown in the auditors’ report. 

Table VII compares the cost of the Bulletin during the past 4 years. The 
annual volume for 1929, the maximum year, contained 1612 pages of text, 
while the volume for 1932 contained 1378 pages of text, a reduction in size of 
15 per cent. From the years 1929 to 1931 the cost per page increased each 
year, reaching $18.20 in 1931. This cost was reduced in 1932 to $14.83 per 
page. This saving has resulted from various economies, some¥put into effect 
in 1931, others in 1932. The more important of these are the following: 
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(a) Reduction in salaries applicable to the Bulletin of about 25 per cent. 

(b) Elimination of blank pages between major and minor articles. 

(c) More economical production of authors’ separates. 

(d) Reduction in number of copies printed and held for binding. 

(e) A new printing contract effective with the December number. 

The unit cost per page printed was not reduced, as the most important 
economy introduced, the cost of printing, did not appreciably affect the re 
sults in 1932. 

The new printing contract was let on a competitive basis, a number of 
establishments in various parts of the country having been invited to tender 
bids. The specifications called for the maintenance of the same quality as to 
paper, typography, and binding and the three numbers which have been 
printed under the new contract seem to be fully up to specifications in that 
respect. The bills for printing and engraving for the January and February, 
1933, numbers show that the saving over last year’s costs on these items will 
be over 45 per cent. A saving of about 50 per cent has also been made on 
binding. It appears probable that the cost of printing the Bulletin in 1933 will 
be about $7,000 as compared with $14,718.84 in 1932. 


BALANCE SHEET 


Assets.—The principal assets of the Association are cash, investments, 
and the stock of publications. The net value of all assets at the close of 1932 
was $63,966.84, an increase over the previous year of $184.77. 

Cash.—Cash on deposit at the end of the year was $10,403.68, an increase 
of $2,197.86 over that at the beginning of the year. During the year the num- 


ber of bank accounts maintained was reduced by the termination of the cus- 
todian agreement with the Irving Trust Company and by the discontinuance 
of a separate account for cash belonging to the Publication Fund. The strong 
present cash position of the Association at this time is revealed by the follow- 
ing comparison of cash on hand: 

Dec. 31, 19290 , 361. 46 

Dec. 31, 1930 8,579-77 

Dec. 31, 1931 8,205.82 

Dec. 31, 1932 10,403.68 


It should, however, be pointed out that of the cash on hand at the end of 
1932, $4,754.35 represented prepaid revenue for 1933, such as dues and sub- 
scriptions, so that the cash belonging to Surplus was $5,647.33. 

Accounts receivable-—The total of Accounts Receivable on the books at the 
end of the year was $7,592.11 as compared with $6,173.79 the year before. 
Most of this amount represents dues, a large part of which will probably not 
be paid. Accordingly a reserve of $4,578.00 was set up against this account, 
which is carried at $1,977.00. Similar reserves were set up to cover other 
doubtful accounts. 

Investments.—After the large decrease in the value of the investments of 
the Association during 1931 the change in value in 1932 has been slight. The 
market value of the investments actually increased during the year. They are 
appraised at $30,999.26 as compared with $28,950.58 at the close of 1931. 
There were, however, certain changes in portfolio during the year which 
affect that comparison to a limited extent. Table VIII gives comparative 
figures relative to the investment account. 


586 


ASSOCIATION ROUND TABLE 587 


Accounts payable.—All bills rendered are customarily paid within 30 days 
so that the indebtedness of the Association consists only of current bills. 

Surplus.—The surplus at the end of 1932 was increased by the amount 
of the year’s net profit, $1,427.05, and stands at $58,175.99 at December 31, 
1932. 


SPECIAL FUNDS 


The financial resources of the Association are divided among 4 funds. The 
General Fund is the medium through which the ordinary business of the As- 
sociation is conducted. All receipts from dues and from the sale of the Bulle- 
fin are carried into this fund, and all the general expenses and the cost of 
publishing the Bulletin are charged to it. Part of the surplus of the fund is 
invested in bonds. 

The Life Membership Fund includes the principal of payments made for 
life membership and the income therefrom is placed in the General Fund. 

The Research Fund includes gifts made to the Association for research in 
petroleum geology. It is invested and the return is added to the fund. 

The Publication Fund was created by an agreement approved March 22, 
1928, whereby certain funds collected in connection with the New York meet- 
ing of November, 1926, were given to the Association for the purpose of de- 
fraying the expense of special publications of the Association. Three volumes 
have been issued through the use of this fund and a fourth is now in press. 
The fund has been augmented by profits from the sale of special publications 
and from convention receipts. 

The status of the Publication and Research funds is shown on Tables IX 
and X. 

Special publications—In Table XI is summarized information relative 
to the special publications of the Association now in stock. The executive 
committee has authorized the publication of Dr. R. D. Reed’s Geology of 
California and a contract for its printing has been executed. The pre-publica- 
tion price has been fixed at $4.00 and the price after publication will be ad- 
vanced to $5.00. 


BUDGET 


A budget covering expenses for 1933 has been prepared and is summarized 
in Table XII. ‘Total revenues are estimated at $43,450.00 with expenditures 
of $39,239.10. In making up the budget a reduction of 20 per cent in member- 
ship dues was contemplated. A total profit of about $4,000.00 is estimated for 
1933 in view of the economies which have been instituted. 

The Treasurer wishes to express his appreciation of the cordial support 
received from the executive committee and from many members of the As- 
sociation in carrying out the duties of his office. The headquarters staff has 
been of great assistance and has met cheerfully and promptly many and ex- 
acting requests for information. 

W. B. HEROY, secretary-treasurer 
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TABLE I 
ToTaL MEMBERSHIP BY YEARS 


May 19, 1917.. . 94 March 20, 1926... 
February 15, 1918 17 March 1, 1927. . 
March 15, 1919... 210 1, 1928. 
March 18, 1920... 392 March t, 1920.. 
March 15, 1921. 621 March 1, 1930... 
March 8, 1922. . 767. March 1, 1931... 
March 20, 1923. . 901 March 1, 1932.. 
March 20, 1924. 1,080 March 1, 1933. 
March 21, 1925. 1,253 


TABLE II 
COMPARATIVE DATA OF MEMBERSHIP 


March 1,1932 March 1, 1933 
Number of honorary members. 
Number of life members. . 
Number of members . 
Number of associates . 


Total number members and associates 
Increase in membership. . 
Decrease in membership 
Applicants elected, dues unpaid. 
Applicants approv ed for meee 


Recent applications. . 


Total applications on hand... . 
Applications approved for transfer, dues unpaid. 
Applications for transfer approved for publication 
Recent applications for transfer on hand 


Total applications for transfer on hand. . 
Number of members and associates withdrawn 
Number of members and associates dropped. . 
Number of members died. . . 


Total loss in membership. 
Number of members and associates in arrears, pre- 
vious year 


Members in arrears, current year 
Associates in arrears, current year. 


Total number members and associates in ar- 
rears, current year... 


588 
1,504 
1,670 
1,952 
2,126 
2,292 
2,562 
2,558 
2,330 
2,558 2, 336 
4 222 
9 2 
12 13 
12 6 
33 21 
37 19 
4 2 
I 2 
42 22 
55 30 
68 228 
9 8 
135 266 
243 481 
951 1,061 
420 400 
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TABLE III 


GEOGRAPHIC DISTRIBUTION OF MEMBERS 


March 1, 1933 


Alabama. . Louisiana 
\rizona. . Maryland.... 
Arkansas ; Massachusetts 
California. . . Michigan. 
Colorado . Minnesota 
Connecticut. . . Mississippi 
Delaware Missouri. 

Dist. Columbia. Montana 
Florida. . 4 Nebraska 
Idaho. Nevada. . 
Illinois New Jersey. 
Indiana. . . New Mexico 
Iowa... New York.. 
Kansas... N. Carolina. .. 
Kentucky. .... N. Dakota.... 


12 
Total members in the United States. . . 


Angola, Africa. ..... Dutch East Indies. . 
Argentina Egypt.... 
Australia . 2. England... 
Austria... 3~+«=France. 
Belgium. . Germany 
Brazil. . Hawaii.. . 
B. West Indies. Holland 
Canada... India... 
China... Italy... 
Colombia. . Japan. 
Cuba.... Mexico... 
Czechoslovakia..... . 1 New Zealand.... 

Total members—Foreign . 

Grand total... 


62 
4 
I2 
15 
190 
9 
35 
10 
2I 
I 
9 
16 
85 


COAX 


Ohio. 
Oklahoma. 
Oregon. . 
Pennsylvania 
S. Dakota. 
Tennessee. . 
Texas. 
Utah.. 
Virginia 
Washington. 
W. Virginia 
Wisconsin. . 
Wyoming 


Persia 
Peru. 
Philippine I. 
Poland. 
Roumania 
Russia . 
Scotland 
Spain. 
Sweden.... 
Switzerland 
Turkey.... 
Venezuela. . 


589 
4 
. 427 
4 
2 60 
2 
8 2 
677 
I 
2 
} 6 
6 
12 
33 3 
4 I 
2,079 
13 7 
I 3 
30 I 
3 
22 4 
4 
3 
I 
I 
21 7 
I 
35 
257 
2,336 
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TABLE IV 


COMPARISON OF ACCRUED INCOME BY YEARS 


Items 1929 1930 

Dues—Members... . $23,972.00 $26,217.5 
Associates 6,848.00 7,520. 
Life , 600.00 — 


1931 1932 
$28,952. $23,580. 
6,730. 3,918. 


31,420.00 33,737-5 


Bulletin—Subscriptions 4,146.53 4,205.32 
Advertising (Net) 6,735-05 


Totals. . 10,940. 3 


Back Numbers, etc. 
Bound Volumes 
Back Numbers 
Indexes. . . 
Alberta Symposium 
Geophysics Symposium 


Totals. ... 4,862.64 


Special Publications 
Salt Dome Vol. 734.66 
Continental Drift 404.00* 
Structure Vol. I 2,279.19" 
Structure Vol. II. — 6,562.51* 


Geology of California . — 


Totals. . . 7 9,245.70 


Other Income 
Convention Receipts 1,550.00 
Donations 53- 5,305.00* 
260.00 
Interest and Profit on 

Investments . 1,915.30 
226.80* 

.56T 

Miscellaneous P .05 5-65 
23-74" 

Total Income 


* Income of Publication Fund. 
t Income of Research Fund. 


35,682.50 27,408. 
3,998.90 3,471.10 
4,780.90 2,945.61 


8,779.80 


2,377-33 


2,132-53 


58. 
17. 


57,453-98 $41,437-7 


590 
fore) 
416.71 
3,605.20 4,704.50 2,648.83 2,275.88 
858.40 1,178.45 873.84 590.57 
399.04 101.80 62.72 42.60 
= 313.07 79.02 
— - 169.08 177.58 
984.75 4,060.14 3,165.65 
318. 30° 153-30" 
go2.65* 291.74* 
680.37*\ 368. 31 
476.01 | 
28.00 
841.41 
282.73" 
I,325.00° 
500.00T — 
1,807.87 1,567.90 
584.80* 588.74* 
57-571 
126.68 go 
11.76* 
| 
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TABLE V 
COMPARISON OF ACCRUED EXPENSES BY YEARS 


Items 1929 1930 1931 
General and Administrative 

Expense 

Salaries—Manager*... $ 3,750.00 $ 
Clerical. . 979. 31 


Rent.. 
Postage. . 
T elephone & Tel. 
Freight & Express. 
Office Supplies and Expense 
Printing and Stationery. . . | 
Insurance and Taxes. . 
Audit Expense. 
Legal Expense. . . 
Custodian Fee... 
Constitution Expense. . 
Association Seal. . . 
Exchange and Refunds. 
Executive Expense. . 
Travel Expense. . 
Convention Expense ( 
Donation, Soc. Econ. Pal. and 


Donation Geol. Cong.. 
Donation Natl. Research Coun. 
Research Program... . 
Miscellaneous Exp. . 
Depreciation Furn. and Fix. 
Bad Debts Gen. Fund.... 
Loss on Investments, 

Gen. Fund 

Pub. Fund.... 


Total, Gen. and Admin... . 17,068. 11,094.11 


Publication Expense 

Salaries—Manager* ; 750. 750.00 3,416. 2,176.22 
Editorial 3,254. .04 4,054.5 3,441.63 

Printing Bulletin. ) -76 19,425.7 14,718.84 

Engravings. . . ‘ 10 1,561. 1,017. 

Separates. .. 593-93 613. 247. 

Stencils and Mailing , .66 749. 233. 

Binding Bulletins. . 32.60 1,629. 1,608. 

Freight and expense. - — 48. 

Moving Expense. . . 120. 

Copyright Fees. . - — $2. 

Discounts. . . — 81. 

Purchase Back Nos... — 

Advertising Books 33-60 

Bad Debts - — 

Miscellaneous 97. 87. 32.8 

Special Publications. . . . 4,603. 9,822. 


Total Pub. Expense... $34, 214.5 43,939-35 32,168. 24,397. 


Total Expense... $48,395.09 $62,367.78 $49,237.23 $35,491. 


* Divided between General and Publication Expense. 
t Included in General Expense. 


591 
1932 
$ 2,176.23 
4,058.13 
300.00 
) .58 -57 79.: 
325-2 235-94 197-73 
343-64 197.68 
I ,2904.07 2,299.09) 846.79 461.55 
267.21 246.75 238.49 180.12 
491.50 c21. <8 373-41 150.00 
154-74 
— 38.14 20.72 
212.49 
24.00 
5 a 66.42 57-36 10.55 
7 | 68.89 16.30 
792.93}; 124.16 58.64 
J 1,878.89 21.61 8.51 
8 
I ,000.00 I ,000.00 454.00 368.00 
5 500.00 500.00 
50.00 50.00 
449.60 9.78 
248.50 61.28 — 5-00 
244.01 289.55 323.56 329.43 
74* 3,238.00 807.68 
108.75 
$1 
49 
go 
74° 
677 
go 
71 
‘ 
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TABLE VI 
COMPARISON OF NET INCOME BY YEARS 


Items 1929 1930 1931 1932 


Accrued Income. . $57,394. $69, 398. $57,453.98 $41,437. 
1931 Income accrued in 1930 — 450.00 _ — 


575394. 69,848. . 41,437. 

Expenses 
General and Administrative. 14,180 18,428. . 11,094. 
Publication 34,214 43,939. 24,397 


Total. 48,395. 62,367. 49,237-23 35,491. 


Net Income before Depreciation . 7,480. ; 8,216.75 5,946. 


Reserve for Depreciation of In- 
vestments. 938.00 
Depreciation of Inventory - — 4,127.92 380. 23 3,581.12 


Net Accrued Income after De- 

preciation as per Balance 

Sheet . . 8,999.06 11,608.51 7,836.52 1,427.05 
Depreciation of Investments 

charged to Surplus.... - - 13,413.75 


Dues written off and charged to 
surplus — 708.19 665.00 


Net Accrued Income after all de- 
preciation.... $ 8,999.06 $10,900.32 $—6, 242.23 


TABLE VII 


COMPARISON OF Cost OF BULLETIN 


1929 1930 1931 1932 
Total expenses. $33,324.18 34,967.67 33,129.01 25,008.17 
Monthly edition 3,900 4,000 4, 250- 3, 700- 
4,100 3,000 
Total copies printed... 46,800 48,000 49,350 38,947 
Total pages printed, in- 
cluding covers... 2,004 2,016 1,820 1,686 
Total pages of text 1,612 1,610 1,476 1,378 
Total cost per copy. 0.7 0.7: °. 
Total cost per page for 
total printed oO. 
Total cost per page, in- 
cluding covers. . 16.6: 
Cost of printing only 21,615. 
Cost of printing per 
copy. . 
Cost of printing per in- 
side page 10. 
Cost of printing per 
page printed, less 
covers... 


592 
71 
II 
43 
— 54 
$ 1,427.05 
50 
70 
20 
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TABLE VIII 
INVESTMENTS 
Market 
Value Per Cent 
1931 Values Cost End of Year Depreciation Depreciation 
General Fund. -$27,853.04 $18,728.24 
Life Membership Fund... 609.94 539-94 
Publication Fund. . . 12,668.50 8,752.95 
Research Fund.. 929.45 


Totals. ... 42,364.33 28,950.58 13,413.75 
1932 Values 
seneral Fund... . ...... 26,873.43 18,205.98 8,667. 
ife Membership Fund... 613.30 
Publication Fund... . 16,195.44 
Research Fund.. 1,268.04 


Totals. ... .$44,950.21 $30,598.46 


TABLE IX 
PUBLICATION FUND 
Income 
Sale of Special Publications. 
Convention Receipts... 
Interest. . . 


Expenditures 
Discounts on Publications. 
Decrease of Inventory... . 
Depreciation of Securities. . . . 
Bad Debts.... 


Surplus Represented by 
Investments. . ue) 
Accounts Receivable. 
Inventory 
Other Assets 


Total Surplus ee $14, 237.16 


TABLE 
RESEARCH FuND 
Income 
Interest on Investment... 
Expenditures 
Depreciation of Securities. . . . 


Loss to Surplus... . 
Surplus Represented by 
Cash 
Accrued Interest. ..... 
Investments 


Total Surplus 


593 
31.7 
32.2 
5-5 
31.4 
44.7 
31.0 
) 
5 $ 473.10 
| 1,282.73 
588.74 
$ 2,344.57 
44.51 
203.39 
5 1,167.50 
87.98 
1,503.38 
Net Profit to Surplus. . . , 841.19 
. 1,784.81 
11,112.39 
103.75 
.. 1,086.60 
149.61 
4 
205.00 
‘ 206.33 
229.599 
9 ‘ 
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TABLE XI 
SPECIAL PUBLICATIONS 


Structure Structure Continental 

Vol. I Vol. II Drift 
Inventory, Dec. 31, 1931. ......-$1,169.82 $2,872. $ 120.17 
Inventory, Dec. 31, 1932. . 1,009.77. 2,646.00 76.83 


Sales... ' .$ 201. $ 368.31 $ 153.36 
Cost of Sales... . 160. 226. 43-34 


Gross Profit... . .02 


Total Edition. . 
Copies on Hand, Dec. 31, 1931.. 
Copies on Hand, Dec. 31, 1932 
Number of Pages. . . 
Cost (Inventory). 
Selling Price When Issued . .00 
Present Selling Price: 
Members and Associates... . . 
Non-members. . . 


-00 


TABLE XII 


BUDGET, 1933 

Revenues 

Bulletin. 

Bound Volumes... . 

Sales of Old Publications. 

Sales of New Publications. . 

Interest. . . 

Dues. 


Total Revenue ‘ $43,450.00 


Expenditures 
General and Administrative. ... $10,031.69 
Bulletin. . . 12,815.41 
New Publications... 16, 362.00 
Discount. . 30.00 


Total Expenditures 39, 239-10 


Net Profit before Depreciation. .... $ 4,210.90 


ExuiBit IV. REPORT OF EpITOR 


The major publishing project of the Association during the last year was 
the Bulletin. Owing to decreased revenue and uncertainty concerning future 
income, the executive committee felt that the size of the Bulletin should be 
somewhat reduced from that of two or three years ago. The total number of 
pages published during the year, exclusive of advertising, was 1,378. 

During the year considerable progress was made in the preparation of 
three special volumes. Most of the manuscripts for the volume on the gas 
resources of the world are now in the hands of the editors and are in various 
stages of editing. 

Volume III of the Structure of Typical American Oil Fields is somewhat 
farther along. The editing of this volume suffered a serious setback through 
the death of Sidney Powers. After a little delay, however, W. E. Wrather 


594 
Total 
$4,162.79 
3,732-60 
430.19 
383.22 
2,500 1,500 
798 61 
735 39 
780 240 
$ 3.60 §$ 1.97 
4.00 3-50 
5.00 5.00 
7.00 5.00 
$ 5,000.00 
. 2,700.00 
550.00 
14,000.00 
2,000.00 
IQ, 200.00 
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succeeded Powers as editor, and is now at work on the difficult task of editing 
and coérdinating the several manuscripts involved. As has been announced 
previously, this volume will be published as a memorial to Sidney Powers. 
Both for this reason and for the reason that the volume will contain many 
excellent contributions to the broad problems of oil geology, it deserves and 
will doubtless have a very wide sale. In my opinion it will stand for many 
years as an outstanding, authoritative discussion of the more theoretical 
phases of petroleum geology. 

The third volume, Geology of California, had only a single author, who 
happened also to be editor. This condition made for efficiency if not for qual- 
ity, and is thus chiefly responsible for the fact that this volume is nearest 
publication of any of the three. It is expected to appear about May, 1933. 

It is unfortunate that at least two of these special publications will prob- 
ably be issued during the depression year of 1933. This fact has caused no 
little worry to your executive committee. I am therefore glad to be able to 
announce that the advance orders for both the structure volume and the 
Geology of California are already sufficiently numerous to suggest that the 
investment of the Association in the publication of these volumes will prob- 
ably be returned during the present year. 

I wish now to mention several matters that will be of more interest to past 
and future editors than to other members of the Association. I do this at this 
time deliberately because it would be very much better for the Association 
if a larger number of members took an active interest in such matters. 

The first point I shall mention is the desirability of selecting editors in 
the future who will be willing to serve for more than one year. From my own 
recent experience I judge that an editor is of no special value to the Associ- 
ation during his first year of office. He merely upsets the smooth running of 
the editorial work, without being able to introduce a new system and make 
it function smoothly, or even, if he prefers, to fit himself into the old system. 

The second matter to which I would call your attention is the necessity 
of selecting our papers with care, in view of the decreased size of the Bulletin. 
This subject is a very long and intricate one, and I can accordingly do no more 
than to sketch it in very brief outline. We have in general two methods of 
selecting the papers to make up a year’s Bulletin. One is to publish a few pa- 
pers that will be of intense interest to each of the numerous groups of special- 
ists who make up our membership. We may thus print in the course of a year 
two or three papers on oil geology of the older variety, one or more on stra- 
tigraphy, a few on interpretations of geophysics, a few on the more esoteric 
phases of geophysics, three or four on petroleum engineering, and a few on 
proration, unitization, or any other new wrinkle in which some of our mem- 
bers may be momentarily engaged. The other method of procedure is to hold, 
in the main, to the policy of selecting only such papers as the great majority 
of our members will read with interest. In following this policy we should be 
proceeding on the assumption that our geophysical and engineering members 
read the Bulletin primarily for papers on oil geology and not primarily for 
papers on technical, geophysical, and engineering subjects. One great advan- 
tage of the second policy is that our editorial staff is well qualified to judge 
the value of papers which deal directly with some phase of geology, but is not 
well qualified to judge papers which go very far into the mysteries of other 
sciences and professions. In the case of the geophysical papers, we can of 
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course rely upon the judgment of our Geophysics Division. This opportunity 
is of great assistance, but does not completely solve the problem. The question 
still remains: shall we devote from one-tenth to one-twelfth of our space each 
year to papers that can be read by nobody except well-trained geophysicists? 
If not, shall we devote the same amount of space to geophysical papers but 
insist that they must be interpretative and not of the technical variety? If 
we follow the former course, we shall publish one large number each year 
which will greatly interest our geophysical members but will be merely so 
much waste paper to the great majority of our members. If we follow the 
second course, we shall publish one large number that will be of considerable 
interest to nearly all our members except those who are geophysicists. 

I have, naturally, certain opinions as to the various choices that would 
best serve the interests of the Association. I shall not state them now, how- 
ever, because it would take too long to argue the merits of the questions in- 
volved, and would lead nowhere. I mention the matter at all only because 
it seems desirable that we should formulate some definite policy and follow 
it instead of merely drifting. Perhaps, on the other hand, no policy other than 
the policy of drift is really practical in such matters. All I would urge is that 
we give the problem some serious thought. 

Another thorny problem of perennial interest is that of editorial standards 
and their application. I refer particularly to the dressing up of manuscripts 
in the interest of rhetorical uniformity by the editorial staff. I think every- 
body will agree that references should be uniform, and punctuation, and other 
mechanical features of style. The trouble comes when we try to decide what 
to do about those rhetorical practices which are neither right nor wrong but 
merely more or less pleasing. Shall the writer’s preference prevail, or the ed- 
itor’s? 

I favor letting the writer have his way. My successor may very possibly 
favor the opposite view. I do not wish to argue the question, but merely to 
point out that my plan can work only if writers are willing to become re- 
writers and to give very serious attention to the revision of their manuscripts. 
Drastic editing is necessary under any system. I prefer, whenever possible, 
to have it done by the writer. Some editors prefer to do it themselves. In any 
case, it has to be done. If you don’t like to have your manuscripts torn to 
pieces by somebody else, tell your editor that you are willing to do all needed 
tearing yourself. 

The last point I should like to mention concerns the regional editors. I 
wish to say, first, that I have had very effective assistance and hearty coéper- 
ation from all of them. If I expected to continue as editor I should certainly 
make very few changes in the staff. Since I shall not continue, however, I 
should like to express my conviction that the best interests of the Association 
will be served if it is taken for granted that upon the election of a new editor 
the terms of all the associate editors are ended. It is very likely that in any 
given case the new editor will wish to reappoint many if not most of the 
associate editors. It is important, however, that he should not feel himself 
under any necessity of so doing. We have in our Association a very large num- 
ber of men who would make excellent associate editors. Any man who may be 
elected editor will know many of them, and may prefer working with those 
he knows to working with others. I think that it is very desirable that he be 
urged to make his own choice. 
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With this thought in mind I have written to all the present associate ed- 
itors and have asked them to tender their resignations to my successor. I 
hope that he will appreciate their kindness in so doing and that their action 
may be helpful to him in solving the problems that must be solved during the 
coming year. 

R. D. REED, editor 


Exuisit V. REPORT OF GENERAL BUSINESS COMMITTEE 


The general business committee recommends to the Association for favor- 
able consideration the following items of business which were voted and ap- 
proved in its annual meeting held at the Rice Hotel, Houston, Texas, on 
March 22, 1933. 


1. Report of representative of Association on Division of Geology and Ge- 
ography.—That the report be accepted, and referred to the general business 
meeting with the recommendation that it be not read since it will be pub- 
lished in the Bulletin. 


2. Report of research committee—That the report be accepted and re- 
ferred to the general business meeting with the recommendation that it be 
not read since it will be published in the Bulletin. 


3. Report of committee on geologic names and correlations —That the report 
be accepted and referred to the general business meeting with the recommen- 
dation that it be not read since it will be published in the Bulletin. 


4. Report of committee on public relations.—That the report be accepted 
and referred to the general business meeting with the recommendation that 
it be not read, since it will be published in the Bulletin. 

5. Committee on public relations ——That the following resolution be 
adopted. 

Whereas, the functions of the committee on public relations are educa- 
tional (this committee having been organized by vote of the Association on 
March 25, 1932); and 

Whereas, the name “public relations’ may create a false impression of 
the aims and interests of this comittee; therefore, be it 

Resolved, that the name of this committee be changed to ‘(Committee on 
Applications of Geology,” and be it further 

Resolved, that this committee, appointed by president F. H. Lahee, be 
made a permanent committee of the Association, subject to changes caused 
only by resignations or other sufficient reason. 

6. Allotment to Society of Economic Paleontologists and Mineralogists.— 
That the following resolution be adopted. 

Resolved, that a contribution of $2.00 per member be paid by the Associ- 
ation to the Society of Economic Paleontologists and Mineralogists for each 
member of the society who is also a member of the Association and who pays 
dues to the Association for the year 1933. 

7. Revolving publication fund, amendment to governing rules and agreement. 
—That the following resolution be adopted. 

Resolved, that the following modifications be made in the governing rules 
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and agreement approved by vote of the Association in the annual meeting of 
March 22, 1928, establishing the revolving publication fund. 


Article 6, Section 3, is amended to read as follows. 


‘‘All income from publications that have been paid for, partly by money 
from the revolving publication fund, and partly by money from the Associ- 
ation treasury or from other funds, shall be paid into the revolving publication 
fund until the amount expended from that fund has been returned, after 
which further income shall be applied pro rata to returning money advanced 
from the treasury and/or from said other funds.” 

Article 6 is further amended by the addition of the following section. 

“All profits from publications that have been paid for partly by money 
from the revolving publication fund, partly by money from the Association 
treasury, and partly by money from other special funds of the Association, 
shall be distributed to the revolving publication fund, to the treasury, and to 
other funds of the Association underwriting the publication pro rata to the 
amounts so contributed.” 

8. Reduction of dues —That the following resolution be adopted. 

Resolved, (a) That Article I, Section 2, of the By-Laws be amended to read 
as follows. 

“Section 2. The annual dues of members of the Association shall be twelve 
dollars ($12.00). The annual dues of associates for not to exceed six years after 
election shall be eight dollars ($8.00). Thereafter, the annual dues of such 
associates shall be twelve dollars ($12.00). These rates shall become effective 
with the fiscal year 1933. The annual dues are payable in advance on the first 
day of each calendar year. A bill shall be mailed to each member and associate 
before January first of each year, stating the amount of the annual dues and 
the penalty and conditions for default in payment. Members or associates 
who shall fail to pay their annual dues by April first shall not receive copies 
of the April Bulletin or succeeding Bulletins nor shall they be privileged to buy 
Association special publications at prices made to the membership, until such 
arrears are met.” 

(b) That in the event that this recommendation shall be accepted by the 
Association at its next annual meeting, in accordance with Article VII of 
the By-Laws, announcement of the amendment shall be made in the May, 
1933, issue of the Bulletin in such manner as the executive committee shall 
determine. 

(c) That any member or associate who, prior to the adoption of this 
amendment, shall have paid annual dues for the year 1933 in accordance with 
the rates previously in force shall not be entitled to receive a refund of any 
part of such payment but shall be entitled to receive a rebate of any such 
amount in making payment of dues for the year 1934. 

9. Continuation of delinquent members and associates.—That the following 
resolution be adopted. 

That any member or associate upon written request to the executive 
committee, and in the discretion of the executive committee, may be con- 
tinued on the roll, though his dues are not paid provided that he is attempting 
to stay in geological work and that he is unable to make payment. 


FRANK A. MorGAn, chairman W. B. HEROy, secretary 
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ExuipiIt VI. REPORT OF REPRESENTATIVE ON DIVISION OF GEOLOGY AND 
GEOGRAPHY, NATIONAL RESEARCH COUNCIL 


The National Research Council was established under auspices of the 
National Academy of Sciences in 1916, and confirmed by executive order of 
President Wilson in May, 1918. The original purpose of the Council was to 
aid various departments of the Government in the study and solution of sci- 
entific problems connected with the World War, but with endowment from 
private foundations the work has been extended and continued as an aid to 
research activities in the various fields of science. As now constituted, the 
National Research Council has four divisions of general relations and seven 
divisions of science and technology. Among the latter is the Division of Ge- 
ology and Geography, the membership of which has included two representa- 
tives of The American Association of Petroleum Geologists. 

The functions of the Division of Geology and Geography are carried on 
mainly through committees, which at present are 20 in number. The chairman 
and the members of these various committees are not necessarily members of 
the National Research Council, but report of the work of each committee is 
made by its chairman at the annual meeting of the Division. These commit- 
tees act as a clearing-house for compilation of scientific data and for the plan- 
ning and promotion of certain research activities which may be undertaken 
from year to year. The reports of committee chairmen are mimeographed and 
issued with the report of the chairman of the Division (W. H. Twenhofel, 
1931-1933), constituting the annual report of the Division. These reports 
frequently contain new scientific-information of importance, and also valu- 
able digest of work that has been done or is in progress. The annual report for 
the Division of Geology and Geography for 1931-32 contains about 240 pages. 

Reorganization of Division of Geology and Geography.—On account of ad- 
ministrative expenses, it has been deemed necessary to reduce the number of 
members in the National Research Council. The reorganization plan that 
has been proposed calls for each of the seven science divisions to be composed 
of twelve members or less, of which three may be elected at large and the 
others elected by designated societies. This will affect the representation of 
The American Association of Petroleum Geologists on the Division by re- 


1 Beekly represented by Frank R. Clark 

* Headley represented by Milward Miller 
3 Johnson represented by C. R. McCollom 
‘ Kesler represented by E. A. Wyman 

5 Morero represented by J. F. Hosterman 
® Wasson represented by Lynn K. Lee 
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ducing its allotted number from two to one. The Council suggests that this 
representative of the Association on the Division be elected in the same man- 
ner as the Association elects its officers. 

During the past year the Association has been represented by Sidney 
Powers (1931-1934) and Raymond C. Moore (1930-1933). The place made 
vacant by the much lamented death of Doctor Powers has been filled by the 
appointment of Russell S. Knappen for the term of office of Doctor Powers 
which expires in June, 1934. 

Work done in 1931-—32.—Activities of the Division of Geology and Ge- 
ography that are of special interest to members of this Association may be 
summarized briefly. The annual meeting of the Division, held April 23, 1932, 
was attended by Sidney Powers. 

1. The committee on Conservation of the Scientific Results of Drilling (W. 
A. Nelson, chairman, F. G. Clapp, J. H. Hedges, W. O. Hotchkiss, A. B. 
Jones, R. D. Longyear, G. W. McCoy, O. E. Meinzer, D. B. Reger, A. F. 
Rogers, R. H. Sales, H. I. Smith, J. E. Spurr, W. E. Wrather) has thus far 
designated three national depositories for well samples, cores, and other data 
bearing on deep drilling. These are at the Pennsylvania State College, West 
Virginia University, and Princeton University. Arrangements for an addi- 
tional depository at the University of Virginia have been essentially com- 
pleted. These are evidently designed to care for certain eastern territory only. 
Studies on well cores deposited at Princeton have been carried on by Doctor 
Sandidge. Some state surveys, such as Missouri, Illinois, Kansas, Texas, and 
others, are active in studying well samples and cores which they are able to 
secure, and offer facilities as depositories. The practice of companies in the 
Mid-Continent field in dividing samples from a well into a dozen or more 
fractions which are assigned to different companies for study and filing by 
them, means that no uniform handling of well samples in an area is at present 
possible. Doctor Powers has expressed the view that a central agency, such 
as the Division, is needed to codrdinate work along this line throughout the 
United States. The universities must have some help, and there is doubt as 
to the stability of various state surveys. Data on drilling done by the U. S. 
Army Engineers have been released to the National Research Council and 
will be published in mimeographed form. An International Drilling Congress 
is scheduled to be held in Berlin in 1934. 

2. The committee on Studies in Petroleum Geology (W. T. Thom, Jr., 
chairman, M. G. Cheney, E. DeGolyer, F. H. Lahee, H. D. Miser, R. D. 
Reed, P. D. Torrey), which was reorganized in 1931, has undertaken actively 
to foster research work in this field, and also to develop a wider understanding 
of the significance of this work. It is endeavoring to bring about a more gen- 
eral popular and legal understanding of essential conditions surrounding the 
occurrence and extraction of petroleum and gas. The interpretation and dis- 
semination of the results of research work is, therefore, an important object. 
A detailed report prepared by this committee outlines (1) important lessons 
taught by past petroleum research work, (2) an inventory of petroleum re- 
search studies in progress, and (3) consideration of the major fields in which 
useful work may be undertaken by the committee. This committee believes 
it can aid in bringing recognition that the recent wholesale dismissals of ge- 
ologists by many oil companies are doubtful economies, since the country’s 
proved oil reserves are small in terms of the needs of the industry and are 
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not being maintained at current rates of discovery. The committee also tends 
to emphasize the need for more thorough training in engineering technique 
involved in oil production on the part of students in oil geology who are look- 
ing forward to future employment. 

3. The committee on Micropaleontology (J. A. Cushman, chairman, C. G. 
Croneis, A. C. Ellisor, J. J. Galloway, G. D. Hanna, H. V. Howe, B. F. How- 
ell, D. D. Hughes, R. C. Moore, F. L. Whitney, W. P. Woodring) has pre- 
pared a report summarizing work done in recent years, including oceanographic 
studies on the Atlantic and Gulf coasts. The importance of a comparative 
study of foraminiferal faunas of Europe and America is stressed as a basis for 
sound advancement in this field. 

4. The committee on Tectonics (G. R. Mansfield, chairman, W. H. 
Bucher, J. P. Buwalda, R. T. Chamberlin, Arthur Keith, C. R. Longwell, 
W. J. Mead, Sidney Powers, G. W. Stose, Stephen Taber, Bailey Willis) in- 
cluded reference in its report to a Tectonic Map of the United States, prepared 
by Dr. P. B. King. Work on this has been completed and the map will be 
published and distributed in 1933. 

5. The committee on Sedimentation (A. C. Trowbridge, chairman, Ernst 
Antevs, Hans Becker, Eliot Blackwelder, Kirk Bryan, M. I. Goldman, M. A. 
Hanna, E. M. Kindle, M. M. Leighton, H. B. Milner, F. J. Pettijohn, A. M. 
Piper, R. D. Reed, George Steiger, W. A. Tarr, P. D. Trask, W. H. Twen- 
hofel, T. W. Vaughan, C. K. Wentworth) prepared a detailed report similar 
to the annual reports issued by this committee in previous years and an- 
nounced publication of the revised edition of the Treatise on Sedimentation. 

6. The committee on Stratigraphy (C. O. Dunbar, chairman, C. G. Cro- 
neis, B. F. Howell, Edwin Kirk, R. C. Moore, J. B. Reeside, Jr., L. W. 
Stephenson, C. K. Swartz, W. H. Twenhofel, C. E. Weaver) is a new com- 
mittee whose work is. being organized on the basis of the geological systems. 
The members of the committee will serve as chairmen of subcommittees that 
will carry on active compilations of data and other studies in connection with 
investigation of the systems in North America. Detailed correlation tables 
and other publications will eventually be prepared. 

The annual meeting of the Division of Geology and Geography for 
1932-33 will be held in Washington, April 22, 1933. This meeting will be at- 
tended by R. C. Moore and R. S. Knappen, representing the Association. 


RAYMOND C. Moorkg, representative 


Exursit VII. REPport oF RESEARCH COMMITTEE 


The work of the research committee of The American Association of 
Petroleum Geologists has principally consisted of collecting and editing the 
studies begun in 1929. These studies constitute an analytical review of data 
relating to the genesis and accumulation of petroleum and natural gas. Ap- 
proximately one hundred contributions have been made to this research pro- 
gram by individuals and members of the Association. Two special publica- 
tions have been approved by the executive committee for the publication of 
these studies. The data for the volume entitled, Geology of Natural Gas, under 
the direction and editorship of Henry Ley, have been completed and are ready 
for the press. Volume III of Structure of Typical American Oil Fields is rapidly 
nearing completion. 
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By the untimely death of Sidney Powers, the editor for this work, final 
collection and editing of these papers has been somewhat delayed. W. E. 
Wrather has been selected by the executive committee to continue the work as 
editor for this volume. It is contemplated that this work will be completed 
and ready for press before summer. 

During the year, the committee attempted to hold informal meetings for 
the discussion of important problems concerning oil accumulation. One of 
these meetings was held at Ponca City, Oklahoma, in September, during the 
meeting of the Petroleum Section of the American Institute of Mining and 
Metallurgical Engineers. The principal subject discussed at this meeting was 
the migration of oil. Some twenty-five members took part in a one-half day 
discussion. The exchange of ideas apparently created worthwhile interest for 
a number of members. 

A second meeting was held at Houston in November, during the American 
Petroleum Institute Convention. Donald Barton, vice-chairman of the com- 
mittee, was in charge of this meeting. The principal topic of discussion was the 
origin and evolution of petroleum. Satisfactory comment by members of the 
Association concerning the interest of these meetings justifies the continuance 
of district mid-year meetings for the committee. It is unfortunate that both 
of these mid-year meetings did not receive larger attendance. 

It has been suggested that the research committee of the Association be 
organized by geographical sections so that more local groups could facilitate 
promotion of research studies. This undoubtedly would be an ideal way in 
which to create a greater interest among the membership at large and keep 
them familiar with research committee endeavor. By this arrangement, the 
Association might also receive the assistance of colleges and universities where 
the professors would have an opportunity to keep in touch with the research 
projects of the Association. The consideration of sectionizing the research 
committee should follow immediately upon the completion for publication of 
the volumes which have occupied the committee for the last four years. 

Certain laboratory experiments were conducted by F. H. Lahee and W. E. 
Winn to demonstrate the advantages of slow, uniform extraction of oil as 
contrasted with rapid extraction. A closed tank, provided with a glass front 
and suitable valve connections, was used, and the experiments were per- 
formed on movements of the contact between oil above and water below, both 
contained in the pores of a sand of uniform grain. The results of these experi- 
ments are included in the joint paper presented at the Houston meeting by 
H. D. Wilde, Jr., and F. H. Lahee, on “The Value of Gas Conservation and 
Efficient Use of Natural Water Drive as Demonstrated by Laboratory 
Models.”’ 

By further elaboration of experiments of this kind, illustrated by moving 
pictures, we believe that important progress could be made, sponsored by our 
research committee, with the aim of graphically explaining to interested per- 
sons the general principles of orderly oil production. In this problem the 
American Petroleum Institute, through Dr. Wilde’s experiments and pic- 
tures, has made an important forward step; but there is plenty of room for 
additional contributions to this project from our own Association. 

During the year, the committee recommended no expenditures for the 
promotion of research work. A change in the policy concerning financial as- 
sistance to worthy research projects is not contemplated in the near future. 
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The stimulation of interest in research study is the primary theme for the 
coming year. This may be brought about by the organization of local groups 
to study problems of particular interest or by concentration on a major prob- 
lem of common interest. 

ALEX. W. McCoy, chairman 


Exuisit VIII. REport oF GEOLOGIC NAMES AND CORRELATIONS 
COMMITTEE 


The first meeting of this committee was called to order by chairman A. I. 
Levorsen in Oklahoma City, March 25, 1932, Levorsen, Moore, Cram, 
Moody, and Cheney being present. The purposes of this new committee as 
set forth by the executive committee of the Association were read. The activi- 
ties and plan of procedure which this committee might undertake were dis- 
cussed at length. Emphasis was given to that part of the executive order 
which stated that the committee would serve in an advisory capacity in refer- 
ence to new names or new uses of old names as well as problems of correlation, 
it being understood that each member would serve regarding these questions 
in his particular district. It was decided that Levorsen, Moore, and Cheney 
should represent this committee in activities of the general committee on 
stratigraphic nomenclature composed of representatives of the American As- 
sociation of State Geologists, United States Geological Survey, Geological 
Society of America, and The American Association of Petroleum Geologists. 
M. G. Cheney was elected chairman and Ira H. Cram secretary for the en- 
suing year. 

Notice of the formation of this committee and its purposes was prepared 
by the secretary and published in the June, 1932, issue of the Bulletin. 

The activities of the committee during the past year have included re- 
viewing certain manuscripts submitted by the editorial staff. Cram and 
Levorsen have also aided business manager Hull on questions of nomencla- 
ture and correlation on numerous occasions. It is doubtless well that at 
least two members of this committee reside in the city where the main office 
of the Association is located. _ 

Continuing collaboration with the general committee on stratigraphic 
nomenclature, Moore, Levorsen, Hares, and Cheney gave study to the new 
rules of classification and nomenclature of rock units prepared by a subcom- 
mittee headed by T. W. Stanton. A questionnaire was submitted by Cheney 
to the members of the geologic names and correlations committee regarding 
these rules. R. C. Moore represented the Association at the final meeting of 
the general committee in Boston, December 29, 1932. The code submitted 
by Stanton’s subcommittee was adopted with minor revisions. This code is 
to be published by The Geological Society of America and our Association at 
an early date. It is believed that wide distribution of these rules of nomen- 
clature will be of great help. 

At this Boston meeting it was also decided ‘‘that problems of interpreta- 
tion arising under the code and consideration of possible amendments or addi- 
tions to the code, be referred to the committee on stratigraphy of the Na- 
tional Research Council and this committee be asked to formulate written 
opinions of questions of interpretation of the code that may be raised from 
time to time, these opinions to be published.”’ With this accomplished, the 
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general committee on stratigraphic nomenclature has brought its work to a 
close. 

Under individual activities by members of this committee should be men- 
tioned the contribution by G. D. Hanna in the January, 1933, issue of the 
Bulletin, discussing the use of the name “Lillis formation.”’ By appointment 
of president Lahee the committee was enlarged during the year to include 
John G. Bartram, Alexander Deussen, and Ed. W. Owen to give better repre- 
sentation to the Rocky Mountain, Gulf Coast, and South Texas districts, 
respectively. Bartram, as a member, and Owen as president, of the Rocky 
Mountain and San Antonio societies, respectively, have led in clarification 
of stratigraphic problems in their districts. Results of the field conference on 
the Fox Hills formation sponsored by the former society were published in the 
July issue of the Bulletin. The new Texas areal map being prepared by federal 
and state geological surveys was given particular study during the past year 
in an organized way by many geologists of the San Antonio society. Deussen 
has made important contributions to this project and Cheney submitted ad- 
ditions or revisions for Kimble, Mason, Menard, McCulloch, Coleman, 
Brown, and Young counties. Moore contributed “A Reclassification of the 
Pennsylvanian System in the Northern Mid-Continent Region,” published 
in the Guide Book of the Sixth Annual Field Conference of the Kansas Geolog- 
ical Society. Hake and Moody both contributed important papers to the 
Bulletin in 1931 and have been active in their respective districts. 

Members of the Association’s committee on geologic names and correla- 
tions have tried during the year to determine more specifically the duties of 
this committee. It is generally agreed that the duties should include the fol- 
lowing. 

To keep posted as to the accepted rules of nomenclature in hopes of as- 
sisting authors and the editorial staff in questions of this nature. 

To encourage the naming and describing of new formations discovered by 
drilling or surface work and necessary revisions of names heretofore used. 

Members, as individuals, to give attention to problems of correlation in 
their respective districts, calling attention to these problems when omitted 
from consideration in manuscripts, and making efforts to clarify such uncer- 
tain and disputed questions by arranging or encouraging investigation of 
them by individuals or committees. Publication of results in the Bulletin un- 
der “Geological Notes” is highly desirable when a solution seems to have been 
found or practice agreed upon. Some of these problems of correlation should 
be of interest to graduate students in geology who are seeking a subject for a 
thesis. 

The committee as a committee does not expect to solve problems of cor- 
relation, give edicts, or serve as an arbitration board; but upon request, hopes 
to make helpful suggestions to authors and editorial staff. 

By giving particular study to these subjects this committee hopes to be 
of real service in promoting accurate correlations, correct usage of geologic 
names and terms both stratigraphic and structural, preparation of adequate 
definitions, and in eliminating conflicting or uncertain meanings in the use of 
new or established names. 

A meeting of this committee is to be held at Houston, March 21, and a 
supplemental report will no doubt be made of the results of this meeting. 

M. G. CHENEY, chairman 
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Exuisit IX. Report OF COMMITTEE ON PUBLIC RELATIONS 
To the executive committee: 


Gentlemen: 

I am happy to report that our committee on public relations has made 
excellent progress during the year. This is a new committee and one which 
should be strongly supported by the Association, for if properly conducted 
it can accomplish a great deal which will be of value both to the public and 
to our organization. 

Our aim is essentially to inform people on the scope and practical applica- 
tions of geology, and of petroleum geology in particular. Toward this end we 
have followed several lines of approach. In San Antonio space has been pro- 
vided for a small museum of rock specimens, fossils, and maps, all of which 
will be clearly labelled so that the visiting public may understand their mean- 
ing. In Dallas an exhibit of charts, models, and cores of oil pay sands and 
limes was shown at the State Fair. More than 10,000 people stopped to learn 
something about this exhibit during the 15 days of the Fair. In Missouri a 
geological exhibit is maintained at the State Fair to explain the use of geology 
in developing the state’s natural resources. Arrangements are being made by 
our committee members in San Angelo, Fort Worth, Los Angeles, Calgary, 
and elsewhere, to assemble simple, instructive geological exhibits, which, 
when well prepared, are most successful in acquainting the public with ele- 
mentary geology. By far the most comprehensive exhibit ever assembled for 
this purpose is to be presented in ‘‘A Century of Progress,”’ the Chicago Inter- 
national Exposition. The effects of this as a medium of public education 
should be incalculable. Dr. Carey Croneis, one of our committee members, 
has been in charge of preparing this exhibit, and he has been assisted in many 
ways by members of our Association. 

In several localities our committee members, assisted by subcommittees 
of their own choosing, are arranging for lectures to be given before certain 
civic groups, business men’s organizations, and technical societies other than 
geologists. 

With some persuasion and pressure reasonably applied, short courses in 
geology may eventually be offered more generally as elective studies in High 
School curricula. We have thoroughly investigated this situation and find 
that such courses are now taught in only a few high schools in only 10 or 12 
of the 48 states; yet there is a distinctly sympathetic attitude among many 
high school principals and superintendents of education toward the introduc- 
tion of this subject on the high school level of instruction, if funds could be 
provided. We look to this as a possible future opening. Meanwhile, in several 
of our cities, the high schools have invited our members to give a few lectures 
on geology. There is a wide field for expansion in the teaching of simple facts 
of applied geology not only in high schools, but also in night schools, Y.M.C.A. 
courses, and Y.M.C.A. and Boy Scout summer camps. 

By way of reaching business men and others interested in oil, a brief ar- 
ticle was written entitled ‘“Some Facts Concerning the Occurrence of Oil and 
Natural Gas.” This was prepared for use by the Association in any suitable 
manner. It has been released to the National Better Business Bureau for 
distribution by the local Better Business bureaus throughout the country. It 
has also been accepted for publication in The Scientific Monthly. It is a very 


605 


606 ASSOCIATION ROUND TABLE 


elementary explanation of the manner of occurrence of petroleum in relation 
to porous reservoir rocks and geologic structures, with emphasis placed on 
the significant attributes of the pool. 

We are expecting soon to have ready for distribution to our local groups 
plans and estimates of cost for making a simple tank for demonstration of the 
behavior of the water-oil and oil-gas contacts under varying conditions of oil 
extraction. 

I shall not enter into further details here as to the many ways in which 
our committee can be serviceable. I recommend that this committee act not 
only as a central administrative body for educational work of the nature al- 
ready mentioned, but also as a clearing house for ideas pertaining to its func- 
tions, and as an advisory council for those of our members who may be 
interested in carrying on similar projects; but we must always remember that 
this committee and any subcommittees which it may appoint are directly 
responsible in their undertakings to the executive committee of the Asso- 
ciation. 

FREDERIC H. LAHEE, chairman 


EXHIBIT X. REPORT OF RESOLUTIONS COMMITTEE 


Be it resolved, that we, members of The American Association of Petroleum 
Geologists, express our appreciation and thanks to all who have contributed 
to the success of the eighteenth annual meeting in Houston, Texas, and par- 
ticularly to the following. 

1. To the City of Houston for its hospitality and to Mayor Walter Mon- 


teith for his cordial welcome; 

2. To the Houston Geological Society and the various local committees 
who have so ably assisted the officers of the Association in making the con- 
vention a success; 

3. To the Rice Hotel and its management and to the other hotels of the 
city for the excellent service rendered the Association, in connection with this 
meeting; 

4. To the Texas Gulf Sulphur Company for its courtesy in permitting 
inspection of its properties at New Gulf, and to the Humble Oil and Refining 
Company for similar courtesies at Sugarland; 

5. To River Oaks Country Club and to the Houston Country Club for ex- 
tending their facilities to our members and guests; 

6. To members of the press and the staffs of various magazines for their 
courtesies in reporting our activities. 

Be it resolved, that these resolutions be spread on the minutes of this meet- 
ing and that a copy of each specific resolution be mailed to the individuals, 
societies, and organizations mentioned. 


C. H. WEGEMANN, chairman Cuas. H. Row IRVING PERRINE 
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EXECUTIVE COMMITTEE MEETING 
HOUSTON, TEXAS, MARCH 21 AND 25, 1933 


The outgoing executive committee met at the Rice Hotel, Houston, 
Texas, on March 21, preceding the eighteenth annual meeting of the Asso- 
ciation. Members present were F. H. Lahee, W. B. Heroy, R. D. Reed, and 
R. J. Riggs. The committee approved applications for membership. It ac- 
cepted the reports of the committees on (1) geologic names and correlations, 
(2) research, and (3) public relations, and the report of the representative on 
the National Research Council Division of Geology and Geography. It rec- 
ommended to the business committee, for presentation at the annual Associ- 
ation business meeting, resolutions on (1) the allotment of dues to the Division 
of Paleontology and Mineralogy, (2) amendment to the governing rules and 
agreement of the Revolving Publication Fund, (3) reduction of dues of mem- 
bers and associates, and (4) publication of the committee and representative 
reports aforementioned. The committee authorized a reduction in price of the 
cloth-bound Bulletin by adopting the following resolution. 

“Bound volumes of Bulletin.—Resolved, that any member or associate, 
who because of non-payment of dues has failed to receive current copies of 
the Bulletin, and who shall be reinstated by payment of back dues, may elect 
to receive either the monthly numbers of the Bulletin so far as these are avail- 
able, or the corresponding bound volume, and in the latter case shall make 
further payment of $2.00 therefor, provided he shall return to the head- 
quarters office, in salable condition, the January, February, and March num- 
bers of the first year of his delinquency.” 

On March 25, following the annual election of Association officers for the 
new year, the outgoing and the incoming officers held a joint meeting. Mem- 
bers present were F. H. Lahee, Frank R. Clark, W. B. Heroy, R. D. Reed, 
R. J. Riggs, and George Sawtelle. Besides transacting routine business, the 
committee decided to postpone selection of the meeting place for the next 
annual meeting of the Association. 


DUES REDUCED 


By vote of the Association in business meeting at Houston, March 25, 
1933, the annuals dues of members have been reduced from $15.00 to $12.00 
and the annual dues of associates have been reduced from $10.00 to $8.00. 
Members and associates who have paid dues for 1933 in accordance with the 
previous rates are not entitled to receive a refund of any part of such pay- 
ment but are entitled to receive a rebate of any such amount in making pay- 
ment of dues for the year 1934. This arrangement was adopted in order to 
avoid the administrative cost of making refunds. 

The executive committee has decided to permit partial payments of dues 
throughout the year. For example, if a member can not make the full pay- 
ment of $12.00 in advance for the year’s dues, he may pay $4.00 and receive 
the Bulletin for the first 4 months; a second payment of $4.00 entitles him 
to the Bulletin for the next 4 months. Likewise, payment of $1.00 a month 
entitles him to the Bulletin by the month. 

If a member is in arrears for more than 2 years and, in accordance with 
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the By-Laws, must be dropped, he may make partial payment of his delin- 
quent dues and thereby retain his name on the membership list. 

Commencing with the April number the edition of the Bulletin has been 
reduced as a matter of economy. In addition to the edition necessary to supply 
members in good standing a limited number of copies is being printed and 
held in stock for distribution to members in arrears who pay their dues at a 
later date. These will be distributed in the order in which payment is received. 
The Association can not guarantee to furnish back copies of the Bulletin to 
members who indefinitely defer payment of their dues. 
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ASSOCIATION COMMITTEES 
EXECUTIVE COMMITTEE 


FRANK R. CLARK, chairman, Mid-Kansas Oil and Gas Company, Tulsa, Oklahoma 
W ram B, HeEroy, secretary, Sinclair Exploration Company, New York, N. Y. 
Freperic H. LaweE, Sun Oil Company, Dallas, Texas 

GEorGE SAWTELLE, Kirby Petroleum Company, Houston, Texas 

L. C. Snwer, H. L. Doherty and Company, New York, N. Y. 


GENERAL BUSINESS COMMITTEE 


\eTHuR A. BAKER (1934) Joun F. HosteERMAN (1935) L. W. OryNsk1 (1934) 


AcpERT L. BEEKLY (1934) Epcar Kraus (1935) CLARENCE F. OsBorNE (1935) 


FRANK R. CLARK (1935) Freperic H. LAHEE (1934) E. E. RosaireE (1934) 

H. E. Crum (1935) Rotanp W. LAuGHLIN (1935) GEORGE SAWTELLE (1934 
Josep A. DAWSON (1935) Tueopore A. Link (1935) L. C. SNIDER (1934) 

C. E. Dossrn (1935) R. T. Lyons (1935) J. D. THompson (1934) 
Water A. ENGLIsH (1934) Roy G. (1935) WaALLacE C. THOMPSON 
H. B. Fuqua (1935) A. F. Morris (1935) PauLt WEAVER (1935) 

M. W. Griwm (1935) WILLIAM M. NICHOLLS (1934) G. H. WeEstBy (1934) 

S. A. GROGAN (1935) E. NOLAN (1935) E. A. Wyman (1935) 
B. Heroy (1934) 


RESEARCH COMMITTEE 

ALEx. W. McCoy (1935), chairman, 919 East Grand Avenue, Ponca City, Oklahoma 

DonaLp C. BARTON (1933), vice-chairman, Petroleum Building, Houston, Texas 
R. D. REED (1933) K. C. HEALD (1934) C. E. Dossin (1935) 
W. T. Tuom, Jr. (1933) F. H. LAwEE (1934) A. I. LEvorsENn (1935) 
F. M. VAN Tuyt (1933) H. A. Ley (1934) C. V. MILLIKAN (1935) 
W. E. WRATHER (1933) R. C. Moore (1934) L. C. SNIDER (1935) 
M. G. CHENEY (1934) F. B. PLUMMER (1934) L. C. UREN (1935) 


REPRESENTATIVES ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL 
R. C. Moore (1933) R. S. KNAPPEN (1934) 


GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 
M. G. CHENEY, chairman, Coleman, Texas 


Joun G. BARTRAM B. F. HAKE C. L. Moopy 
Ira H. CRAM G. D. HANNA R. C. Moore 
ALEXANDER DEUSSEN A. I. LEvorsEN Ep. W. OWEN 


TRUSTEES OF REVOLVING PUBLICATION FUND 


) 


1935) 


ALEXANDER DEuSSEN (1933) E. DEGOLYER (1934) FRANK R. CLARK (1935 


TRUSTEES OF RESEARCH FUND 


'T. S. HARRISON (1933) W .E. WRaATHER (1934) W. McCoy 


FINANCE COMMITTEE 


1935) 


Josepu E. PoGue (1933) E. DEGOLYER (1934) W. E. WRATHER (1935) 


COMMITTEE ON APPLICATIONS OF GEOLOGY 
F. H. LaweEe, chairman, Box 2880, Dallas, Texas 
WituraM H. ATKINSON Hat P. ByBee S. E. 
Donatp C. BARTON W. F. CutsHoLtm E. K. Soper 
Forp HerscHet H. Cooper LuTHErR H. 
Artuur E. CarEy CRONEIS R. B. WHITEHEAD 
H. A. BUEHLER i MARVIN LEE 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


EMPLOYMENT 


The Association maintains an employment service at headquarters under 
the supervision of the business manager. 

This service is available to members and associates who desire new posi- 
tions and to companies and those who desire Association members and as- 
sociates as employees. All requests and information are handled judiciously 
and gratuitously. 

To make this service of maximum value, all members and associates in 
the Association are requested to codperate by notifying the business manager 
of openings available. 


This department of personal news is of great use and interest to all mem- 
bers who read the Bulletin. Many have expressed their appreciation of it, but 
relatively few contribute to it,—possibly because of modesty. In order to 
avoid possible errors of printing items obtained from second-hand sources, 


it is hoped that members will keep headquarters informed of their own 
changes of address or occupation and professional activities of the kind which 
they like to read about other members. Send in your own items. 

The Association occasionally has requests from members to find pur 
chasers for their geological libraries. Because it is impracticable to print lists 
of such books in the Bulletin, it is suggested that persons desiring to purchase 
standard geological works or back numbers of geological journals at reduced 
prices write to Association headquarters, Box 1852, Tulsa, Oklahoma, so that 
they may be furnished with names and addresses of members who may have 
such books available. 

A. R. DENtson spoke before the Tulsa Geological Society, April 3, 1933, 
on “Kelsey Dome, Upshur County, Texas.” 

Under the auspices of the committee on applications of geology, formerly 
known as the committee on public relations, a 4-page outline, entitled ‘‘Some 
Facts Concerning the Occurrence of Oil and Natural Gas” has been written 
by F. H. Laver for the use of the Association in explaining, in an elementary 
way, for people not geologists, but interested in oil, some of the simpler ge- 
ological facts relating to oil and gas occurrence under ground. This article 
has been mimeographed as Bulletin No. 89 of the National Better Business 
Bureau. Copies of it may be obtained either directly by writing to the Na- 
tional Better Business Bureau, Chrysler Building, New York City, or through 
the local Better Business Bureaus in any of the larger cities in the country. 

In accordance with the provisions of an act passed by the Wyoming State 
Legislature in February, 1933, the office of state geologist at the State Capi 
tol, Cheyenne, was abolished. The act provides for the creation of the Ge- 


610 


AT HOME AND ABROAD 611 


ological Survey of Wyoming to function under the department of geology of 
the University of Wyoming. S. H. Knicut, professor of geology, has been ap- 
pointed state geologist. Communications should be addressed to the Geologi- 
cal Survey of Wyoming, University of Wyoming, Laramie, Wyoming. 

The Fort Worth Geological Society Monday noon luncheons had the fol- 
lowing programs in March and April: March 20, Roy Reynoxps, ‘‘A Trip 
into the Crater of Vesuvius,’’ March 27, Paut Appiin, “Comparison of 
Deep-Well Sections in Florida,” April 3, W. J. Notte, ““Method of Sampling 
Deep Rotary Holes,” April 10, Davin DonocuvE, “A Review of Proration.” 

Ronatp K. DEForp, who has been teaching at the Colorado School of 
Mines and supervising geologic work in New Mexico for the Stanolind Oil 
and Gas Company, plans to return to New Mexico about June 1 to do con- 
sulting work. His New Mexico address is 312 South Lea, Roswell. 

Davin C. HARRELL, who has been doing surface work in Sumatra for the 
N K P M (Standard Oil of New Jersey) for the past 3} years, is living at 
604 Harris Avenue, Austin, Texas. 

W. J. MiLtarp sailed on the Mauritania, March 17, 1933, to be gone 
about three months in the eastern Venezuelan gold fields. 

SypNEy A. Jupson and J. C. BATTLE, of the Texas Gulf Producing Com- 
pany, Houston, Texas, are the authors of an illustrated article “Special 
Methods Required to Drill Through Overhanging Cap Rock and Salt,’’ in 
The Oil Weekly for March. 

President FRANK RINKER CLARK visited the San Antonio, South Permian 
Basin (San Angelo), and Fort Worth districts of the Association on his way 
back to Tulsa from the eighteenth annual meeting at Houston in March. 

GrEorGE R. ELLiotT, after completing field tests for the Turner Valley 
Gas Conservation Board, spent several weeks in eastern Canada and New 
York, and has returned to the offices of the provincial Petroleum and Natural 
Gas Division at Calgary. Elliott is vice-president of the Alberta Society of 
Petroleum Geologists. 

JosEPH E. MoreEro, district geologist for the Skelly Oil Company at San 
Angelo has been transferred to Houston, Texas, where he is located in Suite 
1405 Esperson Building. 

JAMES FITZGERALD, Jr., has been transferred from the Skelly Oil Com- 
pany offices at Tulsa, Oklahoma, to San Angelo, Texas. 

W. C. Raucu, of the Superior Oil Company of California at Dallas, Texas, 
is engaged in special work for the company this spring at Louisiana State 
University, Baton Rouge. He may be addressed in care of H. V. Howe, head 
of the department of geology. 

RoBERT M. WHITESIDE, of the geological department of the Shell Pe- 
troleum Corporation at Tulsa, talked before the Oklahoma City Geological 
Society, April 10, on “Stratigraphy of the Oklahoma City Oil Field.”’ 

James O. Lewis and Harry F. Wricurt, consultants of Tulsa, presented 
a paper on “The Application of Bottom-Hole Pressure and Proration to Fields 
Developed Under Other Systems,” before the Mid-Continent Section of the 
American Institute of Mining and Metallurgical Engineers at Tulsa, April 9. 

A. BEEBY THOMPSON, petroleum consultant and engineer of London, has 
returned from Iraq, where he spent several months for the British Oil Devel- 
opment Company, Ltd. 
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G. S. DILLE, paleontologist of The Texas Company, Tulsa, addressed the 
Kansas Geologicai Society at Wichita last March on “Mississippian in Okla- 
homa and Kansas.” 

I. R. SHELDON, consulting geologist of San Antonio, Texas, published his 
paper on the Driscoll Pool, Duval County, Texas, in The Oil and Gas Journal 
of March 30. 

MALvin G. HorrMan, of Washington State College, Pullman, Washing- 
ton, is the author of a paper, “Structural Features in the Columbia River 
Lavas of Central Washington,” in The Journal of Geology of February-March. 

The National Oil Scouts Association of America held its tenth annual 
convention at San Antonio, Texas, May 15 and 16. 

MERLE C. IsrAELSKY, of the United Gas Corporation, Houston, Texas, 
has an article, ‘A New Species of Echinoid from Tamaulipas, Mexico,” and 
Leo GEORGE HERTLEIN, of the California Academy of Sciences, has an ar- 
ticle, ““A New Gryphaeoid Oyster from the Eocene of California,’”’ in the 
Transactions of the San Diego Society of Natural History, Vol. 7, No. 22, 
pp. 273-82. Roscoe E. and KATHERINE C. STEWART, of Ventura, California, 
have an article, ‘“Notes on the Foraminifera of the Type Merced at Seven 
Mile Beach, San Mateo County, California,’ in the same Transactions, Vol. 
7, No. 21, pp. 259-72. 

C. R. HorrMan, geologist of Strasbourg, France, left April 1, for Main- 
tirano, Madagascar, to become chief geologist for the “‘Mission d’etudes de 
recherches petrolieres.”’ 

LESTER C. UREN, professor of petroleum engineering, University of Cali- 
fornia, Berkeley, will be a guest speaker at the first annual convention of the 
All-Union (Russian) Petroleum Scientific Society, to be held at Baku, Russia, 
June 10-15. Following the convention, Professor Uren will spend several 
weeks in observation trips through the Russian and Roumanian oil fields, and 
will also attend the World Petroleum Congress to be held in London, July 
19-25. 

WALDEMAR LINDGREN, head of the department of geology of the Massa 
chusetts Institute of Technology since 1912, will retire at the end of the aca- 
demic year. HERVEY W. SHIMER, professor of paleontology, has been ap- 
pointed acting head of the department. Professor Lindgren is the author of 
Mineral Deposits. Professor Shimer has written: An Introduction to the Study 
of Fossils, An Introduction to Earth History, Evolution and Man, and, with 
A. W. GRABAU, North American Index Fossils. 

An error was made in last month’s Bulletin in connection with the name 
of Joun G. Bartram. Bartram is vice-president of the Rocky Mountain 
Association of Petro'eum Geologists. A. E. BRAINERD, of the Continental 
Oil Company, Denver, Colorado, is president. 
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